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ABSTRACT
Development o f an Inexpensive Test System and Evaluation o f the Test Procedures 
for Conducting Vibration Tests on Anti vibration Gloves per ISO Standard 10819
by
Jason K. Stein
Dr. Douglas Reynolds, Examination Committee Chair 
Professor o f Mechanical Engineering 
University ofN evada, Las Vegas
An inexpensive test system was developed for conducting vibration tests on 
vibration attenuating gloves using ISO Standard 10819: M echanical Vibration and Shock  
- Hand-Arm Vibration - Method fo r  the Measurement and Evaluation o f  the Vibration 
Transmissibility o f  Gloves at the Palm o f  the Hand. A small electromechanical shaker 
initially incapable o f handling a 42-58 N static push applied to its handle during glove 
testing was modified using a simple air bladder so it could handle the required forces.
Test procedures were developed to obtain the proper input acceleration levels delivered to 
the shaker’s handle without using a feedback network. Using these procedures, a cross 
section o f gloves designed to reduce hand-transmitted vibrations were tested according to 
ISO Standard 10819. Each o f these gloves used one o f the following materials to reduce 
vibrations: Gelfom, Viscolas, Akton, Sorbothane, or an air bladder. O f all the gloves 
tested, the only ones that met the antivibration criteria of ISO Standard 10819 used air 
bladder technology. Based upon the test procedures developed in this project and the 
results obtained, appropriate recommendations were made regarding proposed changes to 
the test procedures and evaluation guidelines specified in ISO Standard 10819.
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CHAPTER 1 
INTRODUCTION
Discussion of the Problem
Several vascular-muscular disorders are associated with the use o f vibrating tools, 
vibrating machinery or vibrating workpieces in which vibration is directed into the hand. 
A large number o f  individuals have experienced minor skin redness and swelling o f the 
fingers as a result o f using common household tools such as lawn mowers, power 
sanders, chain saws, etc.—their effects are usually temporary in nature.' However, more 
serious disorders that afflict the hand and forearm have been found from continued 
habitual use o f some hand-held vibrating devices in industrial and work applications.
The patterns o f  various symptoms are called vibration disease, vibration syndrome, 
vibration white finger (VWF), or Raynaud’s phenomenon o f occupational origin.- 
Raynaud’s phenomenon is an episodic vasospastic disorder that produces 
intermittent attacks o f blanching and/or cyanosis (bluish discoloration o f  the skin and 
mucous membranes resulting from inadequate oxygenation o f  the blood) in the 
extremities.^ Simply put, a decrease in the blood supply causes the fingers to become 
white and numb because of a spasm o f the small vessels. Those people who develop 
Raynaud’s phenomenon from exposure to vibration are said to have vibration syndrome. 
The early symptoms of the disease include tingling and/or numbness o f the fingers. If the 
disease is diagnosed early enough, or if  sufficient measures are taken to control vibration 
exposure to the hand, the effects o f  the disease are reversible and individuals do recover. ' 
As the condition progresses, the symptoms occur more frequently with episodes o f hand
1
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and finger blanching, pain, and flushing which usually are precipitated by exposure to 
cold.  ^ Other effects include significant loss o f manual dexterity as well as a decreased 
sense o f touch. In extreme cases o f vibration syndrome, gangrene may develop in one or 
more fingers. Studies conducted among British and Scandinavian foundry chippers, 
grinders, and loggers who use chain saws show Raynaud’s phenomenon ranging from 
20% to 90%, depending on work force, length o f  employment, and daily severity o f 
vibration exposure.'*
It is known that continued exposure to vibration directed into the hand will 
eventually lead to vascular-muscular disorders. Vibration entering the hand is transmitted 
as far as the shoulder, and can be felt in the forearm region at frequencies between 19 Hz 
and 85 Hz.= Consequently, vibration in this range can cause joint disorders in the wrist 
and elbow. Above 100 Hz vibration tends to be more and more localized at the fingers 
and cutaneous tissues.'’ As a result, vibration above 100 Hz is likely to cause vascular and 
neurological disorders in the hands and fingers. However, the vibration exposures 
required to cause these disorders are not known exactly, either with respect to vibration 
intensity and frequency spectrum, or with respect to daily and cumulative exposure 
duration. An International Standard, ISO 5349: Mechanical Vibration - Guidelines fo r  the 
Measurement and the Assessment o f  Human Exposure to Hand-Transmitted Vibration, 
provides a means for the measurement and assessment o f human exposure to hand 
transmitted vibration.^
A number o f  actions can be taken to help prevent vibration syndrome. Several o f 
these approaches include:
• prescreening employees to determine those who are predisposed to Raynaud’s 
disease educating employers and employees about the signs, symptoms and 
consequences o f vibration syndrome, 
selecting tools that have antivibration characteristics, 
covering tool handles with materials that have antivibration characteristics.
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performing periodical maintenance on those tools that are already in use.
• letting the tool rest on the workpiece and not on the worker.
letting the tool do the work rather than applying unnecessary energy to the tool, 
gripping the tool as lightly as possible consistent with safe work practices and tool 
control.
wearing warm, dry clothing to maintain good circulation to the hands and fingers, 
avoiding smoking while using vibratory equipment since nicotine reduces the 
blood supply to the extremities.
reducing the energy absorbed by the hand and arm through the use o f vibration 
attenuating gloves.’ ’-'*
In the field o f personal protective equipment (PPE), gloves are being marketed 
that claim to reduce the magnitude o f vibration transmitted from vibratory tools to the 
human hand. On present evidence, there have been no circumstances in which gloves 
have been shown to provide adequate attenuation o f vibration to prevent vibration 
injuries.'* Both an American National Standard, ANSI S3.40'°: Guide fo r  the 
Measurement and Evaluation o f  Gloves Which are Used to Reduce Exposure to Vibration 
Transmitted to the Hand, and an International Standard ISO 10819'*: Mechanical 
Vibration and Shock  - Hand-Arm Vibration - Method fo r  the Measurement and 
Evaluation o f  the Vibration Transmissibility o f  Gloves at the Palm o f  the Hand, provide 
guidance for the measurement and evaluation o f such gloves. ANSI S3.40 allows testing 
o f gloves to be conducted using either the actual vibrating tool or an electrodynamic 
vibration exciter. In contrast, ISO Standard 10819 glove tests are performed solely using 
an excitation system and two predefined input spectra representative o f typical tool 
vibration spectra. According to this Standard, a glove can not be considered an 
antivibration glove unless it can attenuate the two input spectra by specific levels.
ISO Standard 10819 provides a good method of measuring the vibration 
transmissibility o f  gloves in the laboratory, but few financially challenged labs are
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Figure 1-1 Large excitation system with feedback network used at DELTA Acoustics & 
Vibration in Lyngby, Denmark
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sufficiently equipped to implement it. Those that are able to do so can because they have 
large excitation systems that typically can provide 100 pounds or more o f axial force.
Any shaker used must be able to simultaneously handle static push forces upwards o f  58 
N [13 Ibf] while also maintaining specific input spectra with rms acceleration levels as 
high as 92.2 m / s’. Such a shaker is shown in Figure 1-1. To obtain the two predefined 
input spectra used in this standard, well-equipped labs use a feedback network facility 
that makes it possible for each operator to easily maintain the necessary acceleration 
levels regardless o f the loads that one applies to the shaker.
Thesis Objectives
The objectives o f  this research project are to deal with glove testing issues as they apply 
to ISO Standard 10819:
1. Successfully use an inexpensive 222.4 N [50 Ibf] shaker for glove testing (see
Figure 1-2). The electromechanical shaker, as delivered from the manufacturer, 
has two restrictions that prevent it from being used for this application: 1) loading 
the shaker with the necessary input force bottoms out the shaker’s coil; 2) the 
shaker overloads when its handle is loaded and high acceleration levels are 
employed.
2. Develop a way to get the proper input acceleration levels delivered to the shaker’s 
handle without using a costly feedback network. The problem is compounded by 
the fact that the acceleration levels from the shaker are attenuated when the handle 
is grasped; the amount o f attenuation varies by person.
3. Design any test fixtures and procedures necessary to accomplish the above two 
goals.
4. Test and compare a cross section o f gloves currently available on the market, as 
well as, some that will soon become available to the public using ISO Standard
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Figure 1-2 Electromechanical shaker (222.4 N [50 Ibf]) used for glove testing at the 
Center for M echanical & Environmental Systems Technology at the University o f 
Nevada, Las Vegas
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10819. Explanations on how a particular glove’s vibration attenuating material 
reduces vibrations will not be given.
5. Validate testing configuration and procedures by comparing test results obtained 
from this project with those from other independent laboratories.
6. Determine if there is any appreciable difference in transmissibility values for a 
variety o f gloves when different forms of ISO Weighting are used.
7. Explore the possibility o f  a relationship between weighted and linear 
transmissibility values.
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CHAPTER 2 
OVERVIEW o f ISO Standard 10819
Experimental Guidelines and Criteria
International Standard ISO 10819 provides a method for the measurement and 
evaluation o f the vibration transmissibility o f  gloves at the palm o f the hand. 
Transmissibility as relating to ISO Standard 10819 is defined as the ratio o f  the 
accelerations measured at the surface o f the hand and at the surface o f a handle used to 
vibrate the handle. Transmissibility values greater than 1 indicate that the glove amplifies 
the vibration while values less than 1 indicate that the glove attenuates the vibration.
Symbols and Abbreviations
The symbols used in this standard are as follows:
a^ .^ r.m.s frequency-weighted acceleration, measured by means o f  a weighting filter or 
calculated from acceleration spectrum
r.m.s frequency-weighted acceleration for vibration spectrum s (s = M or H)
R subscript used to denote measurements taken at the reference point, i.e. at the
handle
P subscript used to denote measurements taken at the palm o f the hand
b subscript used to denote measurements taken with the bare hand, i.e. without
glove
g subscript used to denote measurements taken with the gloved hand, i.e. between
glove and hand.
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Examples o f  combined subscripts:
w^MPg weighted acceleration for vibration spectrum M, measured at the palm of 
the hand with the glove
TR^ transmissibility for vibration spectrum s measured with the bare hand
TRjb =  ( 2 - 1 )
TR,g transmissibility for vibration spectrum s measured with the gloved hand
TR^ g = a^ .,pg / a^^g (2-2)
TR, corrected vibration transmissibility o f glove for vibration spectrum s
TR, =TR,g / T R ^  (2-3)
7 R.. mean corrected transmissibility o f  glove for vibration spectrum s
TR. (2.4)
o I
General Principle and Setup
The method uses a vibration excitation system equipped with a handle designed to 
measure the handle gripping force and a device for measuring the handle push or feed 
force. The vibration in the direction o f  the excitation is measured simultaneously at the 
surface o f the handle and between the hand and glove using an adapter (see Figures 2-1 
and 2-2) containing an accelerometer. In order to compensate for the frequency response 
o f  the adapter, the vibration transmissibility o f  the glove is calculated as the difference in 
vibration transmissibility from handle to hand with and w ithout glove. The 
recommended setup is shown in Figure 2-3.
Figure 2-1 Position o f  hand with handle and adapter (top view)
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Figure 2-2 Adapter for holding accelerometer in the palm o f the hand. Clockwise from 
upper right comer; Top view, front view and side view
Figure 2-3 Schematic digram for measurement o f vibration transmissibility
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Measuring Conditions
For each glove, three test subjects with varying hand sizes shall be used. Each 
subject has his own glove to be tested. The gripping and feed forces have to be displayed 
continuously and be maintained at 30 N ±  5 N and 50 N ±  8 N , respectively, throughout 
the test period o f at least 30 seconds duration. During any test, the operator must stand 
upright with his forearm directed in the axis o f  vibration. The elbow should not touch the 
body and should form an angle o f  approximately 90° ±10°. The wrist shall be bent from 
0° (neutral) to 40° (dorsal bending) maximum.
Two inputs spectra M and H are used for testing the medium and high 
transmissibility o f the glove. A third spectrum, L, may be used to check gloves 
purported to provide significant vibration attenuation at frequencies below 150 Hz. 
Vibration spectra M and H as measured at the handle consist o f band-limited random 
noise and shall fulfill the requirements o f Tables 2-1 through 2-3. The input spectra can 
be generated by means o f a white noise generator and a bandpass filter with slopes o f  12 
dB/octave—see Table 2-4 for the filter cutoff frequencies. Additional spectrum forming 
may be necessary, depending on the excitation system. The ISO Standard 10819 third 
octave band acceleration levels (see Appendix VI for a review of third octave frequency 
bands) for spectrum M and H are given in tables 2-2 and 2-3, respectively. A plot o f  the 
acceleration levels is given in Figure 2-4.
Test Procedure for Calculation of Transmissibility
First one set o f  bare hand measurements (spectra M or H) shall be carried out with 
each o f the three test subjects. The ISO weighted accelerations obtained at the handle 
(^«ïRb ) 3nd at the palm (a^^py ) are measured simultaneously and used to calculate the 
weighted transmissibility TR^ using eq.2-1. Figure 2-5 shows the filter used for ISO 
hand-arm weighting compared to one used for linear weighting. It is evident from the
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Table 2-1 Acceleration values and tolerances o f vibration spectra M and H
Spectrum
designation
Unweighted
acceleration
m/s^
Weighted
acceleration
m/s^
Tolerances 
for frequency ranges 
(center frequencies)
M 16.7 3.4 ±10  %
± 1 dB from 31.5 Hz to 200 Hz 
± 2 dB from 16.0 Hz to 400 Hz
H 92.2 3.3 ±10  % ± 1 dB from 100 Hz to 1500 Hz ± 2 dB from 16.0 Hz to 400 Hz
Table 2-2 Spectrum M acceleration levels Table 2-3 Spectrum H acceleration levels
Band
Hz
3rms
m/s^
Tolerance
16 0.18 ±2dB
20 0.40 ±2dB
25 0.90 ±2dB
31.5 2.36 ±1 dB
40 3.18 ±1 dB
50 3.88 ±1 dB
63 4.54 ± 1 dB
80 5.16 ±1 dB
100 5.71 ±1 dB
125 6.14 ± 1 dB
160 6.28 ± 1 dB
200 5.89 ±1 dB
250 5.04 ±2dB
315 3.94 ±2dB
400 2.89 ±2dB
Band
Hz
arms
mfs^
Tolerance
100 3.77 ± 2 d B
125 6.29 ± 2 d B
160 10.47 ± 2 d B
200 15.24 ± 1 dB
250 20.20 ± 1 dB
315 24.86 ± 1 dB
400 29.07 ± 1 dB
500 32.48 ± 1 dB
630 35.15 ± 1 dB
800 35.95 ± 1 dB
1000 33.79 ± 1 dB
1250 28.91 ± 2 d B
1600 22.40 ± 2 d B
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Table 2-4 C utoff frequencies for vibration spectra (filter slopes o f 12 dB/octave)
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Spectrum fc (HP12) 
Hz
fc (LP12) 
Hz
L 8 31.5
M 31.5 200
H 200 1000
co
5«
0)u
<
■oc(0
High Frequency 
Test Spectrum
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Figure 2-4 Spectra M and H vibration acceleration levels measured on the handle
graph that the lower frequencies in ISO weighting are given more weight than the higher 
ones are. Next, two sets o f  gloved hand measurements for the same spectra shall be 
carried out with each o f  the three test subjects. Again, the weighted accelerations at the 
handle ) and at the palm o f the hand ) are measured simultaneously and used
to calculate the weighted transmissibility (TR^^ ) using eq.2-2. The corrected
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Figure 2-5 Filters for weighting: (a) filter for linear weighting; (b) filter for ISO hand- 
arm  weighting.
transmissibilities (TR^ ) are calculated for each vibration spectrum using eq.2-3. The 
mean corrected transmissibility (TRs each o f the spectra M and H is calculated using 
eq.2-4.
It is recommended to determine the transmissibility as a function o f frequency so 
that the effect o f  the glove on frequency-weighted vibration can be estimated when the 
vibration spectrum is known. If third-octave bands are used then the transmissibility as a 
function o f frequency shall be given from:
31.5 Hz to 200 Hz based on the results obtained with vibration spectrum M 
200 Hz to 1250 Hz based on the results obtained with vibration spectrum H
Criteria for Antivibration Gloves
A glove cannot be considered as an “antivibration glove” according to ISO 
Standard 10819 if it does not fulfill both o f the following criteria:
TR m < 1.0 and TR» < 0 .6 (2-5)
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CHAPTER 3
EXPERIMENTAL SETUP
System Layout
In order to conduct vibration testing o f gloves per ISO Standard 10819, the 
measurement system shown in Figure 3-1 was constructed. A list of system components 
is given in Table 3-1 and a photograph o f  the assembled system is shown in Figure 3-2.
Ncise Gererz i cr :  Del.
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T
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bhcxer V'~r-----------
Figure 3-1 Schematic diagram o f actual system used for vibration testing o f gloves
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Equipment Used
Table 3-1 List o f  equipment used in vibration testing
Quantity Equipment Manufacturer
2 Piezoelectric Accelerometer Endevco
1 Calibration Exciter Bruel & Kjaer
1 Force Calibrator Chatillon
1 Dual Channel Real-Time Analyzer Bruel & Kjaer
1 Dual Channel Real-Time Analyzer Norwegian Electronics
Charge Amplifier Columbia Reasearch Labs
1 Butterworth/Bessel Dual Channel Filter Krohn-Hite Corporation
1 Graphic Equalizer Yamaha
1 Strain Indicator Measurements Group
1 Strain Indicator Automation Industries
1 Power Amplifier MB Dynamics
1 Electromechanical Shaker MB Dynamics
1 Fan Unit MB Dynamics
1 Digital Data Recorder Teac
1 Air Pressure Gauge Ashcroft
1 Air Pressure Gauge Amflo
8 Strain Gauges Measurements Group
2 Air Bladder Pumps Reebok
Figure 3-2 Photograph o f actual system used for vibration testing o f gloves
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Figure 3-3 Handle with gripping force measuring system: (top) side view; (bottom) front 
view; (right) Wheatstone bridge
Grip and Feed Force Monitoring Devices
The grip force must be maintained between 25-35 N [5.6-7.9 Ibf] during testing. 
To m onitor the grip force, the shaker handle was instrumented with a narrow beam to 
which four strain gauges were attached, as shown in Figure 3-3. The strain gauges were 
connected to form a Wheatstone bridge and the wire leads were then connected to an 
analog strain measurement box. The beam was then calibrated by applying 26.7 N [6 Ibf] 
to the center o f the span while the strain box was zeroed.
The feed force must be maintained between 42-58 N [9.4-13.0 Ibf] during testing. 
However, the shaker used in the experiments could not handle a force in the above range 
w ithout the coil bottoming out inside the shaker. To correct this problem a small air 
bladder was added between the back of the coil shaft and a rigid support, thus allowing 
the specified range of feed force to be applied to the shaker handle without bottoming out 
the coil.
The electromechanical shaker rests on top of an aluminum platform that is 
m ounted on four linear roller bearings—see Figures 3-4 and 3-5. An aluminum ring 
connects the back o f the shaker platform to a rigid post using pin joints. This type o f
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Figure 3-4 Scaled model o f actual shaker, shaker platform, shaker handle, load cells and 
air bladder used for testing gloves
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
Figure 3-5 Photograph o f actual shaker, shaker platform, shaker handle, load cells and 
air bladder used for testing gloves: (top) side/top view; (bottom) front view
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Figure 3-6 Push force measuring system: (left) load ring; (right) W heatstone bridge
connection has just enough play to allow the load ring to feel zero strain when the shaker 
handle is not loaded. Four strain gauges were attached to this ring to form  a bridge, as 
shown in Figure 3-6. The leads were then connected to a digital strain measurement box. 
The resulting load ring was calibrated by applying a 44.48 N [10 Ibf] to the shaker 
platform while the resulting strain was measured.
Placement o f Acceleration Transducers
The acceleration at the reference point (at the handle) was measured by means o f  
an accelerometer that was recessed in the handle along the excitation axis. The vibration 
at the hand was measured using an accelerometer contained within an adapter. The 
adapter is shown in Figure 3-7. The signals from each transducer were directed into a 
charge amplifier. The amplified signals from the adapter and the handle were then fed 
into channels 1 and 2, respectively, o f a real-time frequency analyzer.
Transducer Calibration for Norwegian Electronics Real-Time Analyzer
The transducers were calibrated using a calibration exciter that produced a 
10 m / S '  (r.m.s.) signal at 159.2 Hz. First, the adapter accelerometer was placed on the
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Figure 3-7 Adapter used for holding accelerometer in the palm of the hand. Clockwise 
from upper right comer: Top view, front view and side view.
exciter while the resulting voltage signal from the transducer was directed into channel 1 
o f the real-time analyzer. The sensitivity o f channel 1 was then adjusted so that a 
10 m / s ’ (r.m.s.) signal produced an Leq o f 120 dB at 160 Hz. Next, the same procedure 
was repeated for the reference accelerometer.
Transducer Calibration for B & K Real-Time Analyzer
The transducers were calibrated using the aforementioned calibration exciter.
First, the adapter accelerometer was placed on the exciter while the resulting voltage 
signal from the transducer was recorded using a digital data recorder. Next, the same 
procedure was performed on the reference accelerometer. Once the calibration signals 
from the two accelerometers were saved on tape, each was played back and sent into the 
real-time analyzer. The analyzer used each calibration signal to automatically adjust the 
signal gain o f  each channel to correspond to a 10 m / s ’ (r.m.s.) signal at 160 Hz.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Signal Generation and Conditioning
A frequency analyzer equipped with a built-in pink noise generator was used to 
produce the input signal. The signal was then fed into the input o f  channel 1 o f  a 
Butterworth filter that was programmed to act in the high-pass mode providing 24 dB/ 
octave attenuation. The output o f channel 1 was then fed into the input o f channel 2 
which was programmed to act in the low-pass mode also providing 24 dB/octave 
attenuation. The net result o f the filter was to allow a specific frequency bandpass o f  the 
signal to pass through it. The filter cutoff frequencies for each spectrum were set 
according to Table 2-4.
After leaving the filter, the signal was directed into channel-A o f a third octave 
dual-channel graphic equalizer providing 24 dB adjustment per center band frequency. 
The output from channel-A was then sent in series to the input o f  channel-B. With this 
arrangement, the equalizer provided up to 48 dB adjustment per center band frequency. 
After leaving the equalizer, the input signal was then directed into the amplifier for the 
electromechanical shaker.
Converting Acceleration Levels given in m /  s ' to Decibels
ISO Standard 10819 gives the input acceleration levels in m / s ’ to be used for 
testing spectra M and H. The Norwegian Electronics real-time analyzer used for much of 
the testing requires that input spectra be given in decibels. To determine what the 
conversion should be the following equation is needed:
Leq(dB)= 10 lo g ,o X _  (3_i)
To use eq. 3-1, the value o f a^ ,^ must be determined. Since the analyzer was calibrated so
that a 10 m / s’ (r.m.s.) signal produced an Leq o f 120 dB at 160 Hz, it was a simple
matter to solve for a^ _., using the following equation:
= a 10% (3-2)
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Inserting the values given into eq. 3-2 gives a„f = 10'^ m / s’ . Tables 3-2 and 3-3 give 
the acceleration levels in decibels for spectra M and H, respectively.
Shaker Preload Adjustment
When the acceleration levels for spectrum H are used, the electromechanical 
shaker becomes unstable (overloads) when it is loaded with a 44.48 N [10 Ibf] push force. 
The shaker will remain stable as long as its coil does not stray too far from its neutral 
position when it is loaded. The same air bladder that was added between the back o f the 
coil shaft and a rigid support to allow the specified range of feed force to be applied to the 
shaker handle was also used to keep the shaker stable.
First the air bladder was inflated to 0.1 psi. Then the shaker was adjusted on its 
platform until the small plate on the back o f the coil shaft just barely touched the inflated 
bladder. Next, the bladder was further inflated until the pressure o f  the bladder reached 
0.5 psi. This inflation preloaded the coil in the shaker so that when the shaker handle was 
loaded with a 44.48 N [10 Ibf] force the coil was at its neutral position.
Spectrum Weighting
The Norwegian Electronics real-time analyzer used for much o f  the testing did not 
have the feature to allow user-defined weighting networks to be made. As a result, all the 
weighting was done using a spreadsheet program. The r.m.s. frequency-weighted 
acceleration, a^ , was calculated as follows:
aw = [X (^ ,« ,) ' ] '  (3-3)
where:
K, is the weighting factor for the ith one-third octave band as shown in Table 8
a, is the r.m.s. acceleration measured in the ith one third octave band
fi is the lower nominal frequency of the range o f interest
fy is the upper nominal frequency o f the range o f interest
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Table 3-2 Spectrum M acceleration conversions from m / s ' to dB
Frequency
Hz
arms
m/s^ dB
Tolerance
16 0.18 85.1 ± 2 d B
20 0.40 92.0 ± 2 d B
25 0.90 99.1 ± 2 d B
31.5 2.36 107.5 ± 1 dB
40 3.18 110.0 ± 1 dB
50 3.88 111.8 ± 1 dB
63 4.54 113.1 ± 1 dB
80 5.16 114.3 ± 1 dB
100 5.71 115.1 ± 1 dB
125 6.14 115.8 ± 1 dB
160 6.28 116.0 ± 1 dB
200 5.89 115.4 ± 1 dB
250 5.04 114.0 ± 2 d B
315 3.94 111.9 ± 2 d B
400 2.89 109.2 ± 2 d B
Table 3-3 Spectrum H acceleration conversions from m / s ' to dB
Frequency
Hz
arms
nrVs^
3rms
dB
Tolerance
100 3.77 111.5 ± 2 d B
125 6.29 116.0 ± 2 d B
160 10.47 120.4 ± 2 d B
200 15.24 123.7 ± 1 dB
250 20.20 126.1 ± 1 dB
315 24.86 127.9 ± 1 dB
400 29.07 129.3 ± 1 dB
500 32.48 130.2 ± 1 dB
630 35.15 130.9 ± 1 dB
800 35.95 131.1 ± 1 dB
1000 33.79 130.6 ± 1 dB
1250 28.91 129.2 ± 2 d B
1600 22.40 127.0 ± 2 d B
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Figure 3-8 Filters for bandpassed ISO weighted acceleration
Spectrum M was weighted from 16 to 400 Hz while spectrum H was weighted from 100 
to 1600 Hz.
Later tests were conducted using the B&K type 2144 real-time analyzer. Three 
types o f  tests were conducted:
• ISO weighted using a standard ISO weighting filter for both spectra M and H. 
Table 3-4 shows the ISO weighting values as function o f third octave band center 
frequencies.
Linear weighting for both spectra M and H.
• Bandpass ISO weighting using a combination o f a bandpass and an ISO weighting 
filter for spectra M and H. Figure 3-8 conceptually illustrates the bandpass/ISO 
weighting setup. The comer frequencies used for spectmm M were 16 and 400 
Hz. The com er frequencies for spectmm H were 100 and 1600 Hz. The slopes o f 
the bandpass filter were 12 dB/octave. The B & K  analyzer had the capability to 
define predetermined weighting networks to perform both the bandpass and ISO 
weighting functions.
Figure 2-5(a) shows the filter for linear weighting. Figure 2-5(b) shows the filter for ISO 
weighting. Figure 3-9(a) shows the filter for spectmm M bandpass and ISO weighting. 
Figure 3-9(b) shows the filter for spectmm H bandpass and ISO weighting.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
Table 3-4 ISO Standard 5349 asymptotic filter approximations for conversion o f  third 
octave band magnitudes to frequency-weighted magnitudes
Frequency band number
i
Nominal 
Frequency Hz
Weighting Factor K 
Approx mation
Weighting Factor K 
dB
9 8 1 0.00
10 10 1 0.00
11 12.5 1 0.00
12 16 1 0.00
13 20 0.8 -1.94
14 25 0.63 -4.01
15 31.5 0.5 -6.02
16 40 0.4 -7.96
17 50 0.3 -10.46
18 63 0.25 -12.04
19 80 0.2 -13.98
20 100 0.16 -15.92
21 125 0.125 -18.06
22 160 0.1 -20.00
23 200 0.08 -21.94
24 250 0.063 -24.01
25 315 0.05 -26.02
26 400 0.04 -27.96
27 500 0.03 -30.46
28 630 0.025 -32.04
29 800 0.02 -33.98
30 1000 0.016 -35.92
31 1250 0.0125 -38.06
32 1600 0.01 -40.00
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Figure 3-9 Bandpass and ISO weighting filters
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Data Recording
Both analyzers used for testing had the capability to save the test results to disk 
for future retrieval. However, the results that were stored were the r.m.s values o f  the 
signals, not the signals themselves. For much of the later testing performed, an eight- 
channel digital data recorder was used to record the complete signals from the two 
accelerometers. Once the signals were on tape, they were played back, as necessary, into 
the B & K  analyzer for further analysis.
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CHAPTER 4 
TEST PROCEDURES
Equipment Limitations
ISO Standard 10819 gave specific values for r.m.s. acceleration levels in the 
M and H spectra that a vibration excitation system had to produce when a feed force and 
a gripping force were applied to the system. The acceleration levels emitted from the 
electromechanical shaker employed in these experiments were typically attenuated when 
a test subject grasped the shaker handle. This problem was more apparent in the medium 
spectrum than it was in the high spectrum. Four methods o f  testing were developed, three 
o f  which effectively dealt with the drops in the input acceleration levels.
Common Test Guidelines
Each test subject had his own glove to be tested. For all testing conducted, each 
test subject applied both a 44.48 N [10 Ibf] push force and a 26.69 N [6 Ibf] grip force to 
the shaker handle for a 30 second duration. Throughout the test period, each individual 
maintained an upright posture while his forearm was directed in the axis o f vibration. 
Because the excitation axis remained at a fixed height, it was necessary for some subjects 
to use an adjustable seat to correct his forearm alignment. Each subjects's elbow formed 
an angle o f approximately 90° ±  10° and did not contact his body during the 
measurements. Figure 4-1 shows a photograph o f a glove test being performed with 
proper posture and elbow alignment. The subject is looking at the strain boxes to monitor 
the grip and feed forces while the 30 second test is being conducted.
29
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MB Dynamics ^
Figure 4-1 Photograph o f  a glove test being performed with proper posture and elbow 
alignment
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The filter cutoff frequencies and the upper and lower analyzer frequencies 
remained the same for each spectrum tested. The filter cutoff frequencies for spectrum M 
were set to 31.5 and 200 Hz while the ones for spectrum H were set to 200 and 1000 Hz 
(see Table 2-4). The upper and lower analyzer frequency ranges for spectra M and H 
were set from 16-400 Hz and 100-1600 Hz, respectively.
Spectra M and H Test Procedures
M ethod I ; Spectrum M Test Procedure 
First, the vibration input levels for spectrum M in decibels (see Table 3-2) were 
manually adjusted, using a graphic equalizer and an amplifier, while the shaker was 
unloaded. Once the acceleration levels for spectrum M were attained, testing 
commenced. One set o f bare hand measurements was conducted with each o f the three 
test subjects. Next, two sets o f  gloved hand measurements were perform ed with each 
subject. When the B & K. analyzer was used, the acceleration levels at the handle and at 
the palm were simultaneously measured and weighted as each test was performed. 
Conversely, when the Norwegian Electronics analyzer was used, only the unweighted or 
linear acceleration levels were obtained at the handle and at the palm. Eq. 3-3 was used 
to convert the unweighted acceleration levels to weighted ones. Regardless o f  which 
analyzer was used, the weighted bare hand acceleration levels were used to calculate the 
weighted transmissibility TR^,y using eq.2-1 while the weighted gloved hand 
measurements were used to calculate the weighted transmissibility TR^,g using eq.2-2. 
The corrected transmissibility TR^ was calculated for each o f  the three subjects using 
eq. 2-3. The mean corrected transmissibility TRm was calculated using eq. 2-4.
Method 1 : Spectrum H Test Procedure 
First, the vibration input levels for spectrum H in decibels (see Table 3-3) were 
manually set with the shaker handle unloaded. Once the acceleration levels for spectrum
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H were attained, one set o f bare hand measurements was conducted with each o f  the three 
test subjects. Next, two sets o f  gloved hand measurements were performed with each 
subject. Again, the weighted bare hand acceleration levels were used to calculate the 
weighted transmissibility TR^i, using eq.2-1 while the weighted gloved hand 
measurements were used to calculate the weighted transmissibility TR^g using eq.2-2. 
The corrected transmissibility TR„ was calculated for each o f  the three subjects again 
using eq. 2-3. The mean corrected transmissibility TRh was calculated using eq. 2-4.
Method 2: Spectrum M Test Procedure 
It was known that the vibration output signal from the electromechanical shaker 
was attenuated when the shaker handle was loaded. To compensate for these drops, the 
input levels were increased by specific amounts in each third octave frequency band so 
that when the handle was grasped, the vibration signal that the hand received was within 
the ranges specified in ISO Standard 10819.
Determining how much to increase the acceleration levels in each frequency band 
was not so easy. The acceleration drops in each frequency band were affected differently 
by different test subjects and different gloves. In fact, the drops for a bare hand were 
different from tliose that were produced with a gloved hand. Two identical gloves on 
different individuals generally produced unequal drops in the same bands.
There were several steps necessary to determine the specific input acceleration 
attenuation. First, the vibration input levels for spectrum M in decibels (see Table 3-2) 
were set while the shaker was unloaded. Second, five sets o f  r.m.s. measurements were 
made o f the input acceleration levels and each third octave frequency band level was then 
averaged using the following equation:
I L| L' L| L4
Leq,„p„, = lOLog.oL-dO'ô + 1 0 ^  -h 10^ + 10 "ô -h 10'« )] (4-1)
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Then, at least two sets o f  bare hand measurements were conducted with each of the three 
test subjects. Each subject’s third octave frequency band levels were averaged using the 
following equation:
Leqb.„.», = 1 0 L o g „(i(1 0 ” +IO Î5)l (4-2)
The bare hand acceleration level drops for each person were calculated by subtracting the 
bare hand Icvcls (eq. 4-2) from the Leq,„p„, levels (eq. 4-1) for each frequency band.
Next, two sets o f  gloved hand measurements were performed with each of the 
three subjects. Each subject’s third octave frequency band levels were averaged using the 
following equation:
= 1 0 L o g ,.( |(1 0 “  + 1 0 »  )1 (4-3)
The gloved hand acceleration level drops for each person were calculated by subtracting 
the Leq^„,^ a^nd levels (eq. 4-3) from the Leq,„p„, levels (eq. 4-1 ) for each frequency band.
Once the acceleration level drops for each subject in spectrum M were calculated 
the vibration input levels to the shaker were adjusted accordingly. The amount of 
adjustment in each third octave band was based on the average drop for the three test 
subjects. For example, if the average bare hand drop o f the three subjects at 31.5 Hz was 
determined to be 8 dB then the normal level o f 107.5 ± IdB was adjusted to be 115.5 ± 
IdB. One set o f bare hand measurements was conducted with each o f the three test 
subjects using the average bare hand adjustments. Once the bare hand tests were 
completed, the input signal to the shaker was readjusted based on the average gloved 
hand acceleration level drops for the three subjects.
The weighted bare hand acceleration levels were used to calculate the weighted 
transmissibility TR ,^ ,^ using eq.2-1 while the weighted gloved hand measurements were 
used to calculate the weighted transmissibility TR^,^ using eq.2-2. The corrected 
transmissibility TR ^ was calculated for each of the three subjects using eq. 2-3. The 
mean corrected transmissibility TRm was calculated using eq. 2-4.
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Method 2; Spectrum H Test Procedure 
First, the vibration input levels for spectrum H in decibels (see Table 3-3) were 
manually set with the shaker handle unloaded. Second, five sets o f r.m.s. measurements 
were made of the input acceleration levels. Each third octave frequency band level was 
then averaged using eq. 4-1. Then, at least two sets o f bare hand measurements were 
conducted with each o f  the three test subjects. Each subject’s third octave frequency band 
levels were averaged using eq. 4-2. The bare hand acceleration level drops for each 
person were calculated by subtracting the Leq bare hand levels (eq. 4-2) from the Leq,„p^j 
levels (eq. 4-1) for each third octave frequency band.
Next, two sets o f  gloved hand measurements were performed with each o f the 
three subjects. Each subject’s third octave frequency band levels were averaged using 
eq. 4-3. The gloved hand acceleration level drops for each person were calculated by 
subtracting the Leqgiov«ihand levels (eq. 4-3) from the Leq,„put levels (eq. 4-1) for each third 
octave band. Once the acceleration level drops for each subject in spectrum H were 
calculated, the vibration input levels to the shaker were adjusted accordingly. The 
amount o f adjustment in each third octave frequency band was based on the average drop 
for the three individuals. One set o f bare hand measurements was conducted with each o f 
the three test subjects using the average bare hand adjustments. Once the bare hand tests 
were completed, the input signal to the shaker was readjusted based on the average 
gloved hand acceleration level drops for the three subjects. Again, the weighted bare 
hand acceleration levels were used to calculate the weighted transmissibility TR^y using 
eq.2-1 while the weighted gloved hand measurements were used to calculate the weighted 
transmissibility TR^^ using eq.2-2. The corrected transmissibility TR„ was calculated 
for each o f the three subjects again using eq. 2-3. The mean corrected transmissibility 
TRh was calculated using eq. 2-4.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
Method 3 : Spectrum M Test Procedure 
First, the procedure in Method 2 for spectrum M was used to determine both the 
bare and gloved hand acceleration level drops for each o f the three test subjects. Second, 
it was noted that even though the acceleration level drops were different for each person 
and each glove, it was possible to determine an overlapping range for each third octave 
frequency band that generally satisfied all three subjects. For example, suppose that 
subject one, two and three had input acceleration levels drops o f  9.4, 9.7 and 6.8 dB, 
respectively, at 25 Hz. Since the input range at 25 Hz. should be 99.1 ±  2 dB, then the 
compensated input range for subject one would be 106.5 to 110.5 dB, for subject two it 
would be 106.8 to 110.8 and for subject three it would be 103.9 to 107.9 Hz. To satisfy 
all three subjects criteria at 25 Hz, the input level could be no lower than 106.8 dB nor 
any higher than 107.9 dB.
The procedure was simple enough. However, there were several problems to deal 
with. First, there were four frequency bands at 31.5, 40, 50 and 63 Hz in which all three 
subjects could not be satisfied with one acceleration level range. Additionally, it was 
determined that sometimes the range that satisfied all three individuals had an upper and 
lower lim it that was separated by only 0.2 dB. Since the signal to the shaker was 
conditioned with an analog equalizer that was designed for audio equipment, it was 
extremely difficult to make adjustments as small as 0.2 dB. Actual testing showed that 
the num ber o f  frequency bands for which one acceleration level range did not suit all 
three subjects was generally greater than the four bands that were predicted. Moreover, it 
was found that the acceleration input level drops determined for each individual were not 
always the same. These changes were accounted for by differences in posture and grip 
from test to test.
W hen possible, a common range was used to satisfy all three subjects. For the 
frequency bands where such a range was not possible, individual adjustments were made 
until the proper input spectrum was obtained. An alternate approach which was used to
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obtain the necessary input spectrum was simply trial-and-error. This approach often was 
quicker than determining common range settings since both the bare and gloved hand 
acceleration level drops for each o f the three test subjects did not have to be determined 
beforehand.
Regardless o f  how the input spectrum was obtained, one set o f  bare hand 
measurements was conducted with each o f the three test subjects. Once the bare hand 
tests were completed, the gloved hand tests were conducted . The weighted bare hand 
acceleration levels were used to calculate the weighted transmissibility TR\,y using 
eq.2-1 while the weighted gloved hand measurements were used to calculate the weighted 
transmissibility TR,^^ using eq.2-2. The corrected transmissibility TR^ ,^ was calculated 
for each o f the three subjects using eq. 2-3. The mean corrected transmissibility TRm 
was calculated using eq. 2-4.
Method 3: Spectrum H Test Procedure
First, the procedure in Method 2 for spectrum H was used to determine both the 
bare and gloved hand acceleration level drops for each o f the three test subjects. Second, 
as previously noted, it was possible to determine an overlapping range for each third 
octave frequency band that generally satisfied all three subjects. There were two 
frequency bands at 800 Hz and 1000 Hz in which all three subjects could not be satisfied 
with one acceleration level range. Unlike the results from the medium spectrum testing, 
it was found that the acceleration input level drops determined for each individual were 
generally the same from test to test. Slight changes in posture had nearly negligible 
effects upon the acceleration level drops in spectrum H..
When possible, a common range was used to satisfy all three subjects. For the 
frequency bands where such a range was not possible, individual adjustments were made 
until the proper input spectrum was obtained. An alternate approach which was used to 
obtain the necessary input spectrum was simply trial-and-error. This approach often was
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quicker than determining common range settings since both the bare and gloved hand 
acceleration level drops for each of the three test subjects did not have to be determined 
beforehand.
Regardless o f how the input spectrum was obtained, one set o f bare hand 
measurements was conducted with each o f the three test subjects. Once the bare hand 
tests were completed, the gloved hand tests were conducted . Again, the weighted bare 
hand acceleration levels were used to calculate the weighted transmissibility TR^y using 
eq.2-1 while the weighted gloved hand measurements were used to calculate the weighted 
transmissibility TR^g using eq.2-2. The corrected transmissibility TR„ was calculated 
for each of the three subjects again using eq. 2-3. The mean corrected transmissibility 
TR h was calculated using eq. 2-4.
Method 4: Spectrum M Test Procedure
Method 4 was very similar to method 3 with several exceptions. Method 3 used 
the exact tolerances given in ISO Standard 10819, whereas method 4 used tolerances that 
were relaxed by as much as 2 dB for any third octave frequency band that could not easily 
be tuned. In practice, these frequency bands were limited primary to spectrum M in the 
range from 31.5 to 80 Hz. The input spectra for method 4 were all obtained purely by 
trial-and-error. This approach often was quicker than determining common range settings 
since both the bare and gloved hand acceleration level drops for each of the three test 
subjects did not have to be determined beforehand. The advantage o f using this method 
was that an experienced tester could get satisfactory spectra in one-half to two-thirds the 
time that it took using methods 2 or 3. In addition, the medium spectra that resulted from 
using method 4 were at least as good as, and often better than, those obtained using 
method 2.
Regardless o f how the input spectrum was obtained, one set of bare hand 
measurements was conducted with each o f the three test subjects. Once the bare hand
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tests were completed, the gloved hand tests were conducted . The weighted bare hand 
acceleration levels were used to calculate the weighted transmissibility TR^,y using 
eq.2-1 while the weighted gloved hand measurements were used to calculate the weighted 
transmissibility TR^g using eq.2-2. The corrected transmissibility TR^ was calculated 
for each o f the three subjects using eq. 2-3. The mean corrected transmissibility TRm 
was calculated using eq. 2-4.
Method 4: Spectrum H Test Procedure 
Unlike the medium spectrum, the acceleration input level tolerances rarely had to 
be relaxed for any third octave frequency band. The input spectra for method 4 were all 
obtained purely by trial-and-error. Again, this approach was often quicker than 
determining common range settings since both the bare and gloved hand acceleration 
level drops for each o f the three test subjects did not have to be determined beforehand. 
The high spectra that resulted from using method 4 were often as good as those obtained 
using method 3.
Regardless o f how the input spectrum was obtained, one set o f bare hand 
measurements was conducted with each o f the three test subjects. Once the bare hand 
tests were completed, the gloved hand tests were conducted . Again, the weighted bare 
hand acceleration levels were used to calculate the weighted transmissibility TR^y using 
eq.2-1 while the weighted gloved hand measurements were used to calculate the weighted 
transmissibility TR^g using eq.2-2. The corrected transmissibility TR„ was calculated 
for each o f the three subjects again using eq. 2-3. The mean corrected transmissibility 
TRh was calculated using eq. 2-4.
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Determining Transmissibility as a Function of Third Octave Frequency Bands
The test results for the medium and high spectra were combined to determ ine the 
transmissibility as a function o f third octave frequency bands. For a given glove, the 
transmissibility values from spectrum M in the frequency range from 16 Hz to 100 Hz 
were used. At 125 Hz, the transmissibility values from both the medium and high 
spectrum  tests were averaged to produce one value at that frequency band. Above 125 
Hz, the transmissibility values from the high spectrum test were used. Both o f  the Real­
time frequency analyzers that were used saved the test results as text files using units o f 
decibels. Eq. 3-1 gave the conversion for acceleration values in m / s- to equivalent
levels in dB. Using eq. 3-1 as a guide, the following equations were derived to determine
the transmissibility values for each third octave frequency band when the acceleration 
values were given in dB:
,  /  , r ,  , a  doveiJ hand , ,  a  handle dovcd \  n  i a  bare hand , ^  , U handle hare \Leq = (  10 log,„ - f -----------10 log,o — — -— ) - (  10 log.o 7^------------10 log,o —  j
(1 reference U reference reference 11 reference
t /-V I 11 gloved hand , r \ \ H hare hand= 10 log,y 7 7 --------------10 lOg, 0  ^ -----------
i l  handle gloved Ü handle bare
f I  i l  gloved hand U handle hire= 10 log,„ - 7 ---------------------------
il  handle gloved il bare hand
= (chl-ch2)g,„,^,y^„, - (chl-ch2)y^^.y^„j (4 -4 )
where:
10 log,o —1“-"—— is the acceleration level o f the gloved hand in dB
i l  reference
10 log,g is acceleration level of the bare hand in dB
i l  reference
10 log,Q —handkiboreor ^ imui acceleration level o f  the shaker handle in dB
il reference
ch 1 is the Real-time analyzer acceleration level o f  the adapter in dB 
ch2 is the Real-time analyzer acceleration level o f  the shaker handle in dB 
r^eference ^^e acceleratioo reference level equal to 10'^  m / s '
a n  —_  gloved hand “ handle bare _  |Q  ’0 .
I I  n  V )handle gloved bare band
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CHAPTER 5 
GLOVE TESTING
Comparison o f Methods 1, 2 and 3
Tests were performed on a number o f gloves consisting o f  the most popular 
materials currently available for reducing vibration—see Table 5-1. Because it took much 
time and a lot o f  trial-and-error for each test subject to acclimate himself to the test 
procedures, the sam e subjects were used whenever possible. The test subjects are listed 
in Table 5-2.
Table 5-1 Specifications o f  gloves tested per ISO Standard 10819
G love Make/Model Vibration Attenuating Material
Shell
Material
1 Air Glove (prototype) gauntlet Lg air bladder: 0.17 in. palm and fingers leather
2 Impacto #AlRGIove Sm air bladder: 0.17 in. palm and fingers leather
3 Impacto #AIRGIove Lg air bladder: 0.17 in. palm and fingers leather
4 Air Glove (prototype) gauntlet Lg
air bladder: 0.17 in. thumb, fingers 
and upper palm; 0.25 in. lower palm leather
5 Air Glove (prototype) Lg
air bladder: 0.17 in. thumb, fingers 
and upper palm; 0.25 in. lower palm leather
6 Impacto #AIR650 M
air bladder: 0.17 in. thumb, fingers 
and upper palm; 0.25 in. lower palm leather
7 Impacto #AIR650 Lg
air bladder: 0.17 in. thumb, fingers 
and upper palm; 0.25 in. lower palm leather
8 Impacto #473-30 Lg Viscolas leather
9 Decade #DK-0200-C.352 Lg Gelfom leather
10 Impacto #GF 615-20 Lg Gelfom leather
11 Ansell Edmont VibraGuard #07-112 Lg Gelfom vinyl
12 Ergodyne Proflex #AVG902BK-L-RH Lg Akton leather
13 Ergotech #605 Lg Sorbothane nylon
Sm = small M = medium Lg = large
40
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Table 5-2 Test subjects used
Subject Number Tip o f Middle Finger to  Lower Palm (mm) W idth (mm)
Jason 1 176 91
Joe 2 188 90
Bill 3 190 87
DDR 4 180 88
Kalyan 5 189 88
As mentioned in chapter 4, several test procedures were developed that ranged in 
difficulty of execution and accuracy o f results. To quantitatively gauge the difference 
among the first three methods, gloves 1, 9 and 12 were tested by each o f the first three 
methods and the results were tabulated. Table 5-3 shows a typical worksheet used to 
represent the results o f an ISO Standard 10819 glove test. Each test was conducted using 
both ISO and linear weighting. To conserve space, similar test sheets for all the glove 
testing performed are given in Appendix I.
Since each test method varied in the adherence o f the input spectra to those 
required by ISO Standard 10819, the input spectra for each test were recorded and the 
results reported in graphical format. A complete list o f each individual’s input spectra are 
given in Appendix II. The average bare hand input acceleration levels that were used for 
gloves 1, 9 and 12 are shown graphically in Figure 5-1 while the average gloved hand 
input acceleration levels that were used for the same gloves are shown graphically in 
Figures 5-2, 5-3 and 5-4, respectively. Appendix III lists the tables containing the average 
numerical values for both the bare and gloved hand input spectra for the above gloves.
Method 1 Input Spectra 
Examining Figures 5-1 through 5-4 and their corresponding Tables III-l through 
111-4 in Appendix III reveals that the input spectra produced using method 1 adhered the 
least to the input spectrum requirements given in ISO Standard 10819. In spectrum M, 
the acceleration level drops caused the input levels to fall short o f  meeting the standard 
by -5.1 to -5.7 dB at 16 Hz up to a maximum value o f -6.6 to -7.6 dB between 25 Hz and
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Table 5-3 ISO Standard 10819 test results for glove 1 using method I
Glove 1: Method 1
Spectrum M
Linear Weighting (16-400 Hz)
Date: 6/23/97
Subject TRm5 TRwg TRm = TRMg/TRMb
1 1.01 0.76 0.76 0.75 0.75 TRM(UN) 0-76
2 1.01 0.74 0.71 0.73 0.70 Std Dev 0.04
3 1.00 0.81 0.81 0.82 0.82
ISO Weighting (16-400 Hz)
Subject TRwb TRlWg TRm = TRMg/TRMb
1 1.02 0.71 0.72 0.70 0.71 TR M (Iso) 0.77
2 1.03 0.78 0.75 0.76 0.73 Std Dev 0.06
3 0.95 0.81 0.80 0.85 0.84
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRhu TRug TRh = TRng/TRnb
1 1.06 0.55 0.58 0.52 0.55 TRH(L in) 0.48
2 1.08 0.47 0.49 0.44 0.45 Std Dev 0.04
3 1.10 0.51 0.49 0.46 0.45
ISO Weighting (100-1600 Hz)
Subject TRub TRug TRh = TRng/TRnb
1 1.05 0.78 0.78 0.74 0.74 TRH(Iso) 0.72
2 1.03 0.69 0.69 0.67 0.66 Std Dev 0.03
3 1.04 ^ 0 .7 6 0.76 0.74 0.73
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Figure 5-1 Spectrum M (top) and Spectrum H (bottom) average bare hand input 
acceleration levels for gloves 1, 9 and 12 using methods I, 2 and 3 (a^.^ = 10 m / s"
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Figure 5-2 Spectrum M (top) and Spectrum H (bottom) average gloved hand input 
acceleration levels for glove 1 using methods 1, 2 and 3 (a^ ,^ = 10'  ^ m / s’ )
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Figure 5-3 Spectrum M (top) and Spectrum H (bottom) average gloved hand input 
acceleration levels for glove 9 using methods 1, 2 and 3 (a^., = 10^ rn /s" )
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Figure 5-4 Spectrum M (top) and Spectrum H (bottom) average gloved hand input 
acceleration levels for glove 12 using methods I, 2 and 3 (a^, = 10'^ m / s ’ )
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31.5 Hz. The drops were less than -1 dB above 100 Hz. The standard deviations for the 
spectrum M input levels ranged from 0.6 to 1.2 dB at 16 Hz up to a maximum value o f 
2.7 to 4.0 dB at 40 Hz and then steadily dropped to less than 1 dB above 63 Hz.
In spectrum H, the average acceleration level drops caused the input levels to fall 
short o f meeting the standard by less than -1 dB up to 630 Hz, then peaked at -1.8 to -3.6 
dB between 800 Hz and 1000 Hz. The average drops above 1000 Hz were negligible.
The standard deviations for the spectrum H input levels were generally less than 0.5 dB 
except at 800 Hz and 1000 Hz where they were less than 0.8 dB.
It is important to note that the above values are not the acceleration level drops, 
but are instead the amounts by which the acceleration levels fell short o f those required 
by ISO Standard 10819. The individual input acceleration level drops for the three gloves 
considered are given in Appendix IV. Comparing the acceleration level drops for a bare 
hand (Table III-l) to those obtained with a gloved hand (Tables III-2 through 1II-4) 
revealed that the dominant factor in the drops was the hand-arm system and not the glove. 
Moreover, Tables II-1 through II-4 reveal that the acceleration level drops were different 
for different individuals. In the medium spectrum, the differences were particularly 
noticeable in the frequency range from 25 Hz to 80 Hz while in the high spectrum the 
differences were very slight across the frequency range. The fact that the drops in the 
medium spectrum were different for each person was most likely due to varying 
mechanical impedance values from one person to the next. Method 2 was developed to 
try and systematically deal w ith the acceleration drops in the two vibration spectra.
Method 2 Input Spectra
Examining Figures 5-1 through 5-4 and their corresponding Tables III-5 through 
III-8 in Appendix III reveals that although the input spectra produced using method 2 did 
not meet the strict requirements o f  ISO Standard 10819, the average spectra were very 
close to conforming to the standard and were considerably better than those obtained
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using method 1. In the medium spectrum, the compensation for acceleration level drops 
resulted in the average input acceleration levels falling short o f meeting the standard by 
less than 3 dB from 25 Hz to 40 Hz. The standard deviations for the average spectrum M 
input levels ranged from 0.5 to 0.9 dB at 16 Hz up to a maximum value o f 1.6 to 3.0 dB 
at 40 Hz and then steadily dropped to less than 1 dB above 63 Hz.
In spectrum H, the compensation for acceleration level drops resulted in the 
average input acceleration levels falling short o f meeting the standard by less than -1 dB 
at 1000 Hz only. The standard deviations for the spectrum H input levels were generally 
less than 0.5 dB. Although the input spectra produced using method 2 were in good 
conformity with those required by ISO Standard 10819, there was definitely room for 
improvement. Method 3 was the improved procedure developed.
Method 3 Input Spectra 
Looking at Figures 5-1 through 5-4 and their corresponding Tables III-9 through 
III-12 in Appendix III reveals that the input spectra produced using method 3 rigorously 
met the requirements o f  ISO Standard 10819. In the medium spectrum, the compensation 
for acceleration level drops resulted in the individual input acceleration levels exactly 
conforming to the ISO standard. It is important to note that both the individual and 
average input levels conformed to the standard, as opposed to the average input levels 
only. The standard deviations for the average spectrum M input levels ranged from a 
high value o f 1.1 dB at 16 Hz and then progressively decreased up to 400 Hz.
In the high spectrum, again, the compensation for acceleration level drops resulted 
in the individual input acceleration levels exactly conforming to the ISO standard. The 
standard deviations for the average spectrum H input levels were less than 0.7 dB.
Comparison o f Test Results for Methods 1, 2 and 3 
Tables 5-4, 5-5 and 5-6 give the mean corrected transmissibility values for gloves
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Table 5-4 ISO Standard 10819 test results for glove 1 using methods 1, 2 and 3
IS010819 Test Results: Glove 1
V\fei(^ ng Filter Methcxi 1 Metind2 MethcdS
ISO (16400 Fk) 0.77(0.06) 0.79(0.04) 0.78(0.08)
Linear 0.76 (0.04) 0.76(0.01) 0.72(0.05)
T R i
190(100-1600 Hz) 0.72(0.03) 0.70(0.61) 0.70(0.08)
Linear 0.48(0.04) 0.46(0.03) 0.47(0.03)
vaue std. Dev. 
xxxx (xxxx)
Table 5-5 ISO Standard 10819 test results for glove 9 using methods 1,2 and 3
IS010819 Test Results: Glove 9
V\feiglting Filter M h^od 1 l\Mhod 2 Methods
T R v i
190(16400 Fk) 0.82(0.01) 0.81 (0.05) 0.84(0.03)
Linear 0.82(0.02) 0.82(0.01) 0.82(0.01)
T R i
130(1061600 Fk) 0.79(0.03) 0.77(0.01) 0.75(0.01)
Linear 0.60(0.06) 0.57(0.02) 0.51(0.03)
\/hlue Std Dev. 
xxxx (xxxx)
5-6 ISO Standard 10819 test 
IS0108
results for glove 12 using methods 1, 2 and 3 
19 Test Results: Glove 12
V\feiglting Filter Method 1 M^hod 2 Methods
T R i
190(16400 Fk) 0.95(0.06) 0.90(0.61) 0.94(0.02)
Linear 0.95(0.03) 0.93(0.01) 0.61(0.02)
T R t
190(1061600 Fk) 1.00(0.05) 0.95(0.01) 1.01 (0.03)
Linear 0.96(0.05) 0.91 (0.02) 0.97(0.61)
Value Std Dev. 
xxxx (xxxx)
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I, 9 and 12, respectively. The first thing that is evident from viewing these tables is the 
fact that each o f the three methods produced similar results for each glove tested. It was 
anticipated that the results produced using methods 2 and 3 would be similar since their 
input spectra were similar. It was not, however, expected to find the results from method 
1 to be in such good agreement with those produced using methods 2 and 3.
Figures 5-5, 5-6 and 5-7 show the graphical representations o f the vibration 
transmissibility as a function o f third octave frequency bands for gloves 1, 9 and 12. The 
numerical transmissibility values are give in Appendix V. The reasons for determining 
the transmissibility as a function o f frequency were to permit a comparison o f the three 
methods performed and to allow the effect o f each glove on frequency-weighted vibration 
to be estimated in situations where the vibration spectrum was known.
Examining Figures 5-5 through 5-7 reveals two important facts. Below 100 Hz, 
method 1 and method 2 produced nearly identical curves; differences among the three 
curves below 100 Hz was probably due to differences in the input spectra used. Above 
100 Hz, all three methods produced similar results. This observation is consistent with 
the fact that, regardless o f  which method was used, the input spectra were all very similar 
in the range from 100 to 630 Hz.
Conclusions for Comparison of Methods 1, 2 and 3
The most important observation, as far as ISO Standard 10819 is concerned, was 
the fact that all three methods produced similar results for the two spectra, M and H. 
Clearly, method 1 was the easiest to implement since the input spectra were tuned only 
once for each spectrum to be tested. In contrast, method 2 was very tedious and time 
consuming. This method required separate average adjustments to be made for the bare 
and gloved hand testing to compensate for input acceleration level drops. Making the 
adjustments was not difficult. However, determining the average adjustments required 
additional tests to be conducted. These additional tests took extra time to perform and
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Glove 1 : Methods 1, 2 and 3
  Frequency vs Method 1
Frequency vs Method 2 
 Frequency vs Method 3
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure 5-5 Average vibration transmissibility for glove I using methods 1, 2 and 3
Glove 9; Methods 1, 2 and 3
  Frequency vs Method 1
  Frequency vs Method 2
 Frequency vs Method 3
0.1
16  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure 5-6 Average vibration transmissibility for glove 9 using methods 1, 2 and 3
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Glove 12: Methods 1, 2 and 3
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Figure 5-7 Average vibration transmissibility for glove 12 using methods 1, 2 and 3
really were not all that beneficial since the drops determined for a particular person 
changed from test to test. The changes were most noticeable in the medium spectrum 
from 16 to 80 Hz. Although method 2 produced better input spectra than method 1, the 
differences in test results were not really noticeable.
Method 3 was the best procedure for obtaining true input spectra as required by 
ISO Standard 10819. However, it was very time consuming. There were several 
problems with this method. First, obtaining the proper input spectra required individual 
adjustments for both bare and gloved hand testing. These adjustments had to be made 
with a tolerance range as small as ± 1 dB. The spectrum M adjustments were the most 
difficult to make since the acceleration level drops changed if  the subjects did not grasp 
the shaker handle the same from test to test. One way around this problem was to have 
the test subjects hold onto the handle while any adjustments were made. Because the 
acceleration level drops were dependent upon the feed force applied to the shaker handle.
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it was necessary for the test subjects to maintain the proper feed force o f  44.5 N [10 Ibf] 
while any adjustments were made. Oftentimes, the graphic equalizer was painstakingly 
adjusted to provide the proper input spectra before the start o f  a 30 second test. At the 
end o f  each test, the input levels were again checked and m any times the levels just 
missed conforming to the ISO standard in one or more third octave frequency bands; such 
tests had to be redone since method 3 required strict adherence to the specified spectrum 
levels. Although method 3 produced input spectra that rigorously adhered to those 
required by ISO Standard 10819, the differences in the spectrum M and H test results 
compared to methods 1 and 2 were negligible.
The most important information to come from the comparison o f the three test 
methods was the fact that small changes in the input spectra caused no appreciable 
differences in the test results for the two spectra, M and H. As far as determining the 
transmissibility as a function of frequency was concerned, there were some small 
differences among the three test methods. Below 100 Hz, methods 1 and 2 had very 
sim ilar curves compared to the ones obtained using method 3. Above 100 Hz, there was 
good agreement among the three methods.
O f the three methods thus considered, none o f them were completely satisfactory 
solutions to the problem o f  testing gloves per ISO Standard 10819. Method 1 did not 
come close enough to meeting the requirements of the necessary input spectra. Method 2 
did come a good deal closer to the proper input levels compared to method 1, but it took 
way too much time to implement. Method 3 did exactly w hat the standard required, but 
at the expense o f requiring individual painstaking adjustments o f the graphic equalizer for 
each and every test conducted. Because it was shown that small changes in the input 
spectra caused no appreciable differences in the test results, a new method was developed 
that was a compromise between the average adjustments o f  method 2 and the stringent 
individual adjustments o f  method 3.
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Method 4: Modified Method 3
As explained in chapter 4, method 4 was very similar to method 3 with several 
exceptions. Method 3 used the exact tolerances given in ISO Standard 10819 whereas 
method 4 used tolerances that were relaxed by as much as 2 decibels for any third octave 
frequency band that could not easily be tuned. In practice, these frequencies were limited 
primary to spectrum M in the range from 3 1.5 to 80 Hz. The High spectrum generally did 
not require many tolerance adjustments. The input spectra for method 4 were all obtained 
purely by trial-and-error. The advantage o f using this method was that an experienced 
tester could get satisfactory spectra in one-half to two-thirds the time that it took using 
methods 2 or 3. In addition, the spectra that resulted from using method 4 were at least 
as good as, and often better than, those obtained using method 2.
Bare and gloved hand examples o f  typical input spectra that were obtained using 
method 4 are shown by Figures 5-8 and 5-9, respectively. These spectra, like those 
produced using method 2, were close to conforming to those required by ISO Standard 
10819. In the medium spectrum, the compensation for acceleration level drops resulted 
in the average input acceleration levels falling short o f meeting the standard by less than 
-1.5 dB. The standard deviations for the average spectrum M input levels were usually no 
more than 2 dB and frequently less than 1 dB. In the high spectrum, the compensation for 
acceleration level drops resulted in the average input acceleration levels falling short o f 
meeting the standard by less than -0.5 dB. The standard deviations for the average 
spectrum H input levels were usually no more than 1 dB and frequently less than 0.6 dB.
Because o f the ease with which method 4 could be implemented, coupled with its 
satisfactory input spectra, this method became the preferred one to use. This method was 
an ideal compromise between method 2 which was very time consuming and method 3 
which was both time consuming and very exhausting on the test subjects. It was for these 
reasons that method 4 was used for 75% o f the glove tests conducted.
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Figure 5-8 Spectrum M (top) and Spectrum H (bottom) average bare hand input 
acceleration levels for glove 12 using method 4 (a^ .^,. = 10'  ^ m / s ')
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Comparison o f Weighting Filter Bandwidths
ISO Standard 10 8 19 requires r.m.s acceleration values to be frequency-weighted 
according to ISO Standard 5349\ These weighting factors were given in Table 3-4. 
Different laboratories have had different interpretations o f the bandwidth for the 
weighting networks. One interpretation involved weighting both the medium and high 
spectra acceleration signals using one filter bandwidth from 8 Hz to 1600 Hz. Another 
interpretation was to simply weight each spectrum using the bandwidth o f the particular 
spectrum. For example, the medium spectrum would be weighted from 16 Hz to 400 Hz 
while the high spectrum would be weighted from 100 Hz to 1600 Hz.
To determine the effect that the two forms o f weighting had on glove testing, 
several gloves were testing using both methods. The results o f the testing are given in 
Table 5-7. As the table shows, there were no appreciable differences between the two 
methods of weighting. This conclusion, however, may not necessarily hold true for other 
test systems. ISO Standard 10819 recommends that a white noise generator and a 
bandpass filter with slopes o f 12 dB/octave be used to generate the necessary input 
spectra. The system in this project used a pink noise generator and a bandpass filter with 
slopes o f 24 dB/octave attenuation. The additional 12 dB/octave filter attenuation greatly 
diminished any signals that were outside o f the filter cutoff frequencies. As a result, the 8 
Hz to 1600 Hz weighting was applied to very weak signals outside the bandwidths o f the 
medium or high frequency spectra. The signals that remained strong were within the 
bandwidth o f the spectra. This fact helps to explain why there was not much o f  a 
difference between the two forms o f weighting.
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Table 5-7 Comparison o f ISO weighting filter bandwidths for gloves 5, 6, 7, 8, 9 and 12
Comparison of Weighting Filter Bandwidths
Spectrum M  T R m
Glove ISO (16-400 Hz) ISO (8-1600 Hz)
5 0.65 (0.06) 0.67 (0.05)
6 0.77 (0.02) 0.77 (0.02)
7 0.79 (0.02) 0.79 (0.02)
8 0.92 (0.01) 0.92(0.01)
9 0.82 (0.04) 0.82 (0.04)
12 0.92 (0.02) 0.92 (0.02)
Spectrum H TR h
Glove ISO (100-1600 Hz) ISO (8-1600 Hz)
5 0.51 (0.04) 0.52 (0.04)
6 0.55 (0.04) 0.54 (0.04)
7 0.56 (0.02) 0.55 (0.02)
8 1.00 (0.00) 1.00 (0.01)
9 0.80 (0.02) 0.77 (0.04)
12 1.00 (0.00) 1.00 (0.01)
Note: All glove testing was done using method 4. 
Value Std. Dev. 
xxxx (xxxx)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
59
Comparison of Results with an Independent Laboratory
To validate the testing configuration and procedures used, several gloves were 
tested by an independent laboratory. The laboratory was Delta Acoustics & Vibration in 
Lyngby, Denmark. Delta’s facility was equipped with a large excitation system that was 
connected to a feedback network (see Figure I-1). As a result, acceleration levels 
remained at predefined settings in both the medium and high spectra regardless o f the 
loads that the operator applied to the shaker. This type o f test setup should have been 
able to eliminate any variance do to acceleration level changes. DELTA’S output 
bandpass comer frequencies were slightly different from those used in this project. The 
bandpass comer frequencies for spectra M and H testing used at DELTA and the Center 
for Mechanical and Environmental Systems Technology (CMEST) are given in 
Table 5-8. The glove tests performed at Delta compared to those conducted at CMEST 
are given in Table 5-9.
Several conclusions can be drawn from Table 5-9. First, with the exception o f 
glove I , the results from the two laboratories were in close agreement. Specifically, the 
spectrum H test results were nearly identical for both laboratories while the medium 
spectrum results were slightly different. This variance, however, was entirely consistent 
with the properties o f medium spectrum testing. As noted previously, the frequencies in 
the medium spectrum were easily influenced by small variations in the test subject’s 
posture and the positioning o f the subject’s wrist, forearm and elbow from test to test. The 
second conclusion has to do with the bandpass com er frequencies. Since DELTA 
obtained similar test results, one could conclude that the differences in bandpass com er 
frequencies between the two laboratories had a negligible effect on a glove’s 
transmissibility values. Finally, it is interesting to note that the standard deviations for the 
Delta tests were considerably higher than those obtained here at CMEST.
If the test results obtained at Delta are accurate, one would have to conclude by 
comparison, that the test fixtures and procedures (specifically method 4) used in this
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Table 5-8 Output bandpass comer frequencies for vibration spectra, M and H
Spectrum DELTA CIVEST
M 31.5-200 16-400
H 200- 1250 100- 1600
Table 5-9 Independent laboratory comparison o f ISO Standard 10819 test results for five 
gloves
ISO 10819 Glove Vibration Transmissibility Test Results
DELTA CMEST
Glove 1 TRm 0.87 (0.09) 0.79 (0.04)**
TRh 0.81 (0.05) 0.70 (0.04)**
Glove 3 TRm 0.89 (0.09) 0.85 (0.03)**
TRh 0.69 (0.09) 0.71 (0.01)**
Glove 4 TRm 0.73 (0.12) 0.68 (0.04)*
TRh 0.52 (0.09) 0.52 (0.03)*
Glove 5 TRm 0.72 (0.07) 0.65 (0.06)*
TRh 0.51 (0.07) 0.51 (0.04)*
Glove 9 TRm 0.87 (0.09) 0.82 (0.04)*
TRh 0.79 (0.11) 0.80 (0.02)*
Glove 11 TRm 0.85 (0.09) 0.79 (0.02)*
TRh 0.76(0.13) 0.76 (0.04)*
Value Std. Dev.
K X X X  (.xxxx)
* Testing Type; Method 4 
Testing Type: Method 2 
DELTA: DELTA Acoustics & Vibration, Lyngby, Denmark
CMEST: Center for Mechanical & Environmental Systems Technology 
University of Nevada Las Vegas
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research project are satisfactory for testing gloves per ISO Standard 10819. This 
conclusion is remarkable considering the small size o f the electromechanical shaker that 
was used without the aid of any feedback network to adjust for varying acceleration input 
levels.
Comparison of Gloves Intended to Reduce Vibrations
Spectrum M and H Test Results
Several gloves designed to reduce hand-transmitted vibration were tested 
according the standards in ISO Standard 10819. Each o f  these gloves used one o f the 
following materials to reduce vibrations: Gelfom, Viscolas, Akton, Sorbothane or an air 
bladder. The spectrum M and H tests results for these gloves are given in Table 5 -10. As 
mentioned in chapter 2, a glove can not be considered an antivibration glove according to 
ISO Standard 10819 unless the glove fulfills the following criteria:
TRm < 1.0 and TRh < 0.6 • It should be noted that fulfillment o f these criteria does 
not imply that the use o f such gloves removes the hazard o f  vibration exposure.
Applying the ISO Standard 10819 criteria for antivibration classification to the 
glove results listed in Table 5-10 reveals that only gloves 4 through 7 met the necessary 
requirements. These gloves used a patented air bladder technology. It is important to 
note that not all gloves with air bladders satisfy the requirement o f  the standard. For 
example, gloves 1, 2 and 3 used an air bladder with a uniform inflated thickness o f 0.17 
inches. Although gloves with this configuration did not meet the necessary requirements, 
they were the second best performing gloves, nonetheless. Conversely, gloves 4 through 
7 used an air bladder with an inflated thickness o f 0.25 inches for the lower palm area and 
0.17 inches for the upper palm area, the fingers and the thumb. The next best performing 
gloves, (9 through 11) all used Gelfom in the palm and fingers. The performance o f these 
gloves was just below that o f the air gloves equipped uniform 0.17 inch thick bladders. 
The remaining gloves, 8, 12 and 13 used Viscolas, Akton and Sorbothane, respectively. 
The difference in attenuation, or lack thereof, among these gloves was negligible.
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Table 5-10 Summary o f  ISO Standard 10819 vibration transmissibility test results
ISO Weighting Linear
Glove 1 TR m 0.78 (0.08) 0.72 (0.05)
TR h 0.70 (0.08) 0.47 (0.03)
Glove 2 TRm 0.87 (0.04) 0.79 (0.03)
TR h 0.72 (0.03) 0.48 (0.02)
Glove 3 TR m 0.85 (0.03) 0.80 (0.02)
TR h 0.71 (0.01) 0.49 (0.03)
Glove 4 TRm 0.68 (0.04) 0.60 (0.04)
TRh 0.52 (0.03) 0.27 (0.02)
Glove 5 TR m 0.65 (0.06) 0.57 (0.08)
TRh 0.51 (0.04) 0.30 (0.03)
Glove 6 TRm 0.77 (0.02) 0.68 (0.02)
TRh 0.55 (0.04) 0.31 (0.02)
Glove 7 TRm 0.79 (0.02) 0.71 (0.04)
TRh 0.56 (0.02) 0.31 (0.03)
Glove 8 TRm 0.92(0.01) 0.93 (0.01)
TRh 1.00 (0.00) 0.97 (0.05)
Glove 9 TR m 0.82 (0.04) 0.82 (0.03)
TRh 0.80 (0.02) 0.52 (0.02)
Glove 10 TRm 0.86 (0.04) 0.86 (0.04)
TRh 0.83 (0.04) 0.54 (0.04)
Glove 11 TRm 0.79 (0.02) 0.76 (0.02)
TRh 0.76 (0.04) 0.50 (0.05)
Glove 12 TRm 0.92 (0.02) 0.92 (0.02)
TRh 1.00 (0.00) 0.89 (0.03)
Glove 13 TR m 0.95 (0.02) 0.96 (0.00)
TRh 0.99 (0.00) 1.00 (0.08)
ISO W eighting
Spectrum M: 16-400 Hz 
Spectrum H; 100-1600 Hz
Value Std. Dev. 
xxxx (xxxx)
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Transmissibility as a Function o f Frequency 
To gain a better understanding o f each glove’s vibration attenuating capabilities, 
the transmissibility as a function o f frequency was plotted for each third octave frequency 
band from 16 Hz to 1600 Hz. Plots for each glove are given in Appendix V. Note, the 
acceleration ratios at each third octave frequency band were connected using cubic 
splines to form continuous curves. To make a general comparison o f  the attenuation o f 
the different types o f gloves tested, representative examples o f their transmissibilities
Transmissibility vs Frequency for Several Vibration Attenuating Gloves
Frequency vs Air Glove (.17" fingers .25" palm) 
Frequency vs Air Glove (.17" uniform)
 Frequency vs Gelfom Glove
 Frequency vs Akton Glove
Frequency vs Viscolas
 Frequency vs Sorbothane
16  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure 5-10 Average vibration transmissibility curves for gloves which use either 
Gelfom, Viscoelas, Akton, Sorbothane or an air bladder to attenuate hand-transmitted 
vibration
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were plotted on one graph shown in Figure 5-10 (see Table 5 -II). The transmissibility 
curves generated were totally consistent with the spectrum M and H test results discussed 
previously.
At the time ISO Standard 10819 became accepted, the state o f knowledge on 
gloves was that they did not provide significant attenuation in the frequency range below 
150 Hz and that some gloves also provided amplification in this range. The gloves that 
used a bladder with an inflated thickness of 0.25 inches for the lower palm area and 0.17 
inches for the upper palm area, the fingers and the thumb, proved to be superior to all 
other gloves tested and represent the state-of-the-art in glove designs. In contrast to the 
other gloves, this type o f glove provided very good attenuation from 40 Hz and higher 
frequencies and had a relatively flat response o f 0.58 to 0.65 between the third octave
Table 5-11 Transmissibility values o f the best performing gloves o f each type o f 
material tested.
Transmissibility Values for Several Vibration Attenuating
Frequency
Hz
0.17" Uniform 
(glove 1 )
0.17" fingers 
0.25" palm 
(glove 6)
Viscolas 
(glove 8)
Gelfom 
(glove 11 )
Akton 
(glove 12)
Sorbothane 
(glove 13)
16 0.95 1.05 1.00 1.11 1.03 1.01
20 1.00 1.11 0.98 1.16 1.00 1.03
25 1.01 1.10 0.94 1.13 0.99 1.02
31.5 0.97 1.05 0.93 0.99 0.99 0.99
40 0.85 0.85 0.91 0.79 0.95 0.96
50 0.69 0.64 0.88 0.70 0.88 0.92
63 0.64 0.60 0.89 0.64 0.86 0.91
80 0.61 0.58 0.90 0.65 0.85 0.93
100 0.68 0.60 0.92 0.70 0.88 0.95
125 0.74 0.64 0.94 0.76 0.92 0.96
160 0.76 0.60 0.96 0.83 0.95 0.97
200 0.79 0.62 0.97 0.83 0.97 0.97
250 0.84 0.65 0.98 0.83 0.99 0.98
315 0.81 0.63 0.98 0.85 0.99 0.98
400 0.70 0.53 1.00 0.79 1.03 0.98
500 0.53 0.39 1.01 0.62 1.07 1.00
630 0.38 0.27 1.03 0.46 1.12 1.01
800 0.23 0.17 1.04 0.32 1.11 1.01
1000 0.17 0.13 1.07 0.28 1.03 1.00
1250 0.10 0.08 1.18 0.22 0.85 1.00
1600 0.07 0.05 1.07 0.18 0.53 0.96
Gloves
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center band frequencies from 50 Hz to 3 15 Hz. The gloves that used either Gelfom or air 
bladders had transmissibility values that exceeded 1.0 only below 40 Hz. Conversely, the 
gloves that used Akton, Viscolas or Sorbothane provided amplification in the frequency 
range from 400 Hz to 1000 Hz or more.
Determining the Relationship between ISO Weighted and Linear Transmissibilities
Some authorities have suggested that until more dose-effect data becomes 
available regarding vibration spectra from hand-held tools and their effects on humans, 
unweighted frequency spectra should be used." ISO Standard 10819 specifies the criteria 
for classification as an antivibration glove using weighted acceleration levels. If 
unweighted (linear) tests were to be performed then one would have to know the 
relationship between weighted and unweighted acceleration levels to transfer the 
weighted criteria values to unweighted ones. Fortunately, all the glove testing that was 
performed was done using both linear and ISO weighting filters. As a result, it was 
possible, using TableCurve 2D, to perform regression analysis to establish a mathematical 
relationship between weighted and unweighted acceleration levels. To convert from 
spectrum M weighted values to linear ones, the following equation can be used:
TR m,LIN) = 0.2176 + 0,8265 TRm.iso, ( 5 - 1)
Equation 5-1 has a correlation coefficient o f 0.98 and a standard error o f fit o f 0.028.
To convert from spectrum H weighted values to linear ones, the following equation can 
be used:
(5-2)
T R h,LIN, = -7 16.7 -h 639.3 T R h,iso, - 406.2 TRmiso, 216.4 TR^iso, -H 728.9 e "^""*" 
Equation 5-2 has a correlation coefficient of 0.99 and a standard error o f fit o f 0.042.
Plots o f both eq. 5-1 and 5-2, along with their respective 95% confidence intervals, are 
shown in Figure 5-11. These equations can be used to convert from weighted
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acceleration levels to unweighted ones. Converting the weighted ISO Standard 10819 
criteria from weighted to unweighted values gives the following:
T R m(un) < 1 and TR h(lin) < 0.37 (5-3)
When testing gloves per ISO Standard 10819, only weighted acceleration values 
are required. However, to gauge the effectiveness o f  a  particular glove, both ISO and 
linear weighting should be used. Figure 5-12 shows the effect that ISO weighting has on 
the vibration input spectra for ISO Standard 10819. Examining this figure reveals that 
the ISO weighted and unweighted spectra are considerably different. It was observed that 
the spectrum M ISO weighted transmissibility value,T R m u s o , ,  was heavily influenced by 
the vibration levels in the third octave frequency bands between 31.5 Hz and 50 Hz. The 
linear transmissibility value, T R m iu n : ,  was mainly determined by the vibration levels in 
the frequency bands bettveen 100 Hz and 160 Hz. The spectrum H ISO weighted 
transmissibility value, TR huso), was found to be mostly affected by the vibration levels in 
the third octave frequency bands between 315 Hz and 400 Hz. The linear transmissibility 
value, T R h(lini, was mainly determined by the vibration levels in the frequency bands 
between 500 Hz and 630 Hz.
The differences between ISO weighted and linear transmissibility values can be 
significant. For example, glove 11 had good vibration attenuation in spectrum H, but due 
to ISO weighting only produced a transmissibility value o f T R h h s o ,  = 0.76. In contrast, 
this glove’s linear transmissibility value was T R h i u n ,  = 0.50. Some gloves have poor 
vibration attenuating characteristics in both the m edium and high spectra. For these 
gloves, there really is not that much of a difference between ISO weighted and linear 
transmissibilities. For example, gloves 8 and 13 each produced weighted transmissibility 
values that were very similar to their respective linear values.
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Spectrum M: Linear vs ISO Weighted Transmissibility
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Figure 5-11 Spectrum M (top) and spectrum H (bottom) regression analysis to determine 
the reaitionship between linear and ISO weighted transmissibility values
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.se:
Figure 5-13 End view o f  accelerometer adapter: (a) adapter specified by ISO Standard 
10819; (b) proposed adapter modification
Accelerometer Adapter M odification
The accelerom eter adapter specified in ISO Standard 10819 has sharp edges that 
can affect the glove transmissibility test results [Figure 5 -13(a)]. When testing some o f 
the gloves with air bladders or soft visco-elastic foam material, the adapter’s sharp edges 
had a tendency to dig into the glove’s material. As a result, the glove’s transmissibility 
values were adversely affected. For the air glove tests, if  care was not exercised, one o f 
the adapter’s sharp edges would line up with an air bladder weld line. When the test 
subject pushed on the handle, the sharp edges o f  the adapter would make contact with the 
handle or come close to contacting the handle. This contact had a tendency to increase 
the glove transmissibility values. The potential for this problem can be minimized by 
replacing the sharp edges with radiused ones as shown in Figure 5 -13(b). The radii 
should be a minimum o f 1 mm. Because o f  time constraints on this project, it was not 
possible to verify the effectiveness o f the proposed adapter modification. This is 
something that should be verified in a future project.
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CHAPTER 6
CONCLUSIONS
Conclusions regarding the ISO Standard 10819 test setup are as follows:
• A 50 Ibf (222.4 N) electromechanical shaker can be made to handle the required 
feed forces without bottoming out the shaker’s coil by using an air bladder 
positioned between the end o f the coil shaft and a rigid support. This bladder not 
only prevents the coil fi'om being displaced too far from its equilibrium position, 
but also keeps the shaker from becoming unstable when the large acceleration 
levels, as required by spectrum H, are used.
Placing the shaker on an aluminum platform that rides on four linear roller 
bearings allows the shaker’s feed force to be monitored using a load ring 
connected between the shaker’s platform and a rigid support. The load ring is 
instrumented with four strain gauges connected to form a W heatstone bridge.
The force from the load ring can be monitored using an ordinary strain box. This 
inexpensive arrangement eliminates the need for a cumbersome platform on 
which the test subjects would have to stand.
Grip forces can be monitored using a small load beam recessed into an aluminum 
shaker handle. The load beam, like the load ring, is instrumented with four strain 
gauges connected to form a Wheatstone bridge. The output from the beam can be 
monitored using an ordinary strain box.
70
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Conclusions regarding the test methods used to obtain the ISO Standard 10819 input
spectra are as follows:
Method 1 produced input spectra that did not meet the requirements o f the 
standard. On average, the medium spectrum acceleration values fell short o f 
meeting the standard by as much as -7.5 dB. The largest drops occurred between 
16 Hz and 80 Hz. The average spectrum H input levels also failed to meet the 
requirements o f the standard, but to a much lesser extent. The maximum drops 
were typically less than -4 dB between 800 Hz and 1000 Hz while the remaining 
levels dropped less than 1 dB for the other frequency bands.
• Method 2 produced input spectra that were close to meeting the requirements 
o f ISO Standard 10189 in both the medium and high spectra. The average 
spectrum M levels adhered to the standard in all frequency bands except those 
between 25 Hz and 40 Hz. The average spectrum H levels adhered to the standard 
in m ost every frequency band. Method 2 proved to be impractical because it 
required too much time to implement.
Method 3 produced individual input spectra that were in strict compliance with 
the requirements of the standard in both the medium and high spectra. Method 3 
proved to be impractical because it, too, required too much time and effort to use.
• Methods 1 through 3 produced nearly identical results for each glove that was 
tested using those three methods. This fact suggests that the input spectra do 
not have to be in strict compliance with the standard to get accurate results.
• Method 4 produced input spectra that were between methods 2 and 3 in 
adherence to the standard. This method was an ideal compromise between 
method 2 which was very time consuming and method 3 which was both time 
consuming and very exhausting on the test subjects.
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Conclusions regarding validity o f  test setup and procedures:
An independent laboratory, using a large excitation system connected to a 
feedback network, obtained similar test results for several gloves, thus 
validating the test fixtures and procedures used in this project.
Conclusions regarding bandwidths o f ISO 5349 weighting filters:
Two different interpretations o f the ISO Standard 5349 frequency-weighting were 
investigated. The first method weighted both the medium and high spectra 
acceleration signals using one filter bandwidth from 8 Hz to 1600 Hz. The second 
method weighted each spectrum using the bandwidth o f the particular spectrum,
M or H. For example, the medium spectrum was weighted from 16 Hz to 400 Hz 
while the high spectrum was weighted from 100 Hz to 1600 Hz. No appreciable 
differences were found between the two types o f weighting filters.
Conclusions regarding glove test results:
• Several types o f gloves were tested which used one o f the following materials to 
reduce vibrations: Gelfom, Viscolas, Akton, Sorbothane, or air bladder. The only 
gloves to meet the antivibration criteria o f ISO Standard 10819 were the air gloves 
that used bladders with an inflated thickness o f 0.25 inches in the lower palm area 
and 0.17 inches in the fingers, thumb and upper palm area.
Gloves that used Gelfom attenuated vibrations less than air gloves equipped 
with uniform 0.17 inch thick bladders.
• Gloves that used Viscolas, Akton or Sorbothane were not effective at reducing 
vibrations. In fact, gloves so equipped often produced transmissibility curves, as a 
function o f  third octave frequency bands, that hovered around 1 indicating a lack 
o f vibration attenuating ability.
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Conclusions regarding ISO and linear weighting for glove testing;
• A mathematical relationship exists between ISO weighted and linear 
transmissibility values for both the medium and high spectra.
The spectrum M ISO weighted transmissibility values are heavily influenced by 
the vibration levels in the third octave frequency bands between 31.5 Hz and 50 
Hz while the linear transmissibility values are mainly determined by the vibration 
levels in the frequency bands between 100 Hz and 160 Hz.
• The spectrum H ISO weighted transmissibility values are heavily influenced by 
the vibration levels in the third octave frequency bands between 315 Hz and 400 
Hz while the linear transmissibility values are mainly determined by the vibration 
levels in the frequency bands between 500 Hz and 630 Hz.
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CHAPTER 7
RECOMMENDATIONS 
Test Setup
Although the test setup and procedures used in this project were shown to be 
satisfactory for testing gloves per ISO Standard 10819, several refinements would make 
testing gloves m uch easier. The most obvious enhancement would be the addition o f  a 
feedback network to keep the shaker’s acceleration levels at predefined settings during 
both medium and high spectrum testing regardless o f the loads that the operator applies 
to the shaker. This type o f test setup should eliminate any variance in results do to 
changes in acceleration levels during testing. If a feedback network is not a viable option, 
then at least a digital graphic equalizer running from a personal computer should be used. 
The advantage to using such a system would be that individual settings for test subjects 
could be saved to disk and easily retrieved as necessary.
ISO Standard 10819
Input Spectra
It was observed that strict adherence to the input spectra was not required to 
obtain representative transmissibility values for a particular glove. Therefore, the 
tolerance values for the medium and high spectra could be relaxed. Relaxing the 
tolerance levels w ould make it easier for laboratories, not equipped with feedback 
networks, to obtain the proper input spectra. In the medium spectrum, it would probably 
not be unreasonable to change the tolerances to ±  2 dB for all third octave frequency
bands. The high spectrum  tolerances are already adequate.
74
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The test spectra used in ISO Standard 10819 are supposed to be representative of 
typical hand tools that are used in actual working places. Ideally, there should be 
individual test spectra for each type of vibrating tool. To accomplish this task, 
prerecorded digital vibration signals from actual tools could be used. This type o f input 
would allow a more reliable prediction to be made regarding a glove’s vibration 
attenuating capabilities.
ISO and Linear Weighting 
Presently, ISO Standard 10819 only uses weighted acceleration values to classify 
a glove as having necessary antivibration attenuation. However, to gauge the 
effectiveness of particular glove, both ISO and linear weighting should be considered. As 
noted before, ISO weighting and linear weighting generally produce different results for 
glove testing. ISO weighted transmissibility values do not give a complete indication o f a 
glove’s vibration reducing potential since lower frequency bands are weighted more 
heavily than higher bands. In contrast, linear transmissibility values clearly show to what 
extent a glove is attenuating vibrations over a given frequency range. It is for this reason 
that this Standard should be revised to include antivibration criteria for gloves using both 
linear averaging and ISO weighting.
Bandwidths o f  Weighting Networks 
Different laboratories have had different interpretations o f  the bandwidth for the 
weighting networks. For this reason, ISO Standard 10819 should be revised to specify 
exactly the bandwidth(s) to be used for spectrum M and H. One recommendation would 
be that each spectrum be weighted using the bandwidth o f the particular spectrum. For 
example, the bandwidth for spectrum M is 16 Hz to 400 Hz so the weighting network 
would also be 16 Hz to 400 Hz. Likewise, the spectrum H weighting network would use 
the bandwidth for its spectrum, 100 Hz to 1600 Hz.
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Future Investigations
Glove testing needs to be conducted using input spectra that are different in both 
shape and energy levels compared to those required by ISO Standard 10819 to determine 
if  glove vibration transmissibility values are affected, and if  so, to what extent.
Moreover, it would be insightful to perform glove testing using incremental grip and feed 
forces, as well as using different postures, and see how these variables affect glove 
transmissibility values. Lastly, a future project should verify the effects o f replacing the 
accelerometer adapter’s sharp edges with radiused ones.
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APPENDIX I
ISO STANDARD 10819 LINEAR AND ISO WEIGHTED 
GLOVE TRANSMISSIBILITY TEST RESULTS
77
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Table I - l  ISO Standard 10819 test results for glove 1 using method 2
Glove 1 : Method 2
Spectrum M
Linear Weighting (16-400 Hz)
D a te :  6/24/97
Subject TRwb TRwig TRm = TRMg/TRMb
1 1.02 0.76 0.77 0.74 0.75 TR M (lin) 0.76
2 1.02 0.79 0.79 0.77 0.77 Std Dev 0.01
3 1.00 0.79 0.75 0.78 0.75
ISO Weighting (16-400 Hz)
Subject TRub TRmq TR m = TRMg/TRMb
1 1.07 0.77 0.81 0.72 0.76 TR M ( iso) 0.79
2 1.07 0.84 0.86 0.79 0.80 Std Dev 0.04
3 0.99 0.84 0.80 0.85 0.81
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRhq TRh = TRng/TRnb
1 1.08 0.54 0.52 0.50 0.48 T R h(Lin) 0.46
2 1.07 0.47 0.46 0.44 0.43 Std Dev 0.03
3 1.08 0.51 0.48 0.47 0.44
ISO Weighting (100-1600 Hz)
Subject TRub TRug TR h = TRng/TRnb
1 1.04 0.78 0.75 0.74 0.71 TRH(iso) 0.70
2 1.03 0.67 0.66 0.65 0.64 Std Dev 0.04
3 1.04 0.76 0.72 0.73 0.69
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Table 1-2 ISO Standard 10819 test results for glove 1 using method 3
Glove 1 : Method 3
Spectrum M
Linear Weighting (16-400 Hz)
Date: 6/13/97
Subject TRwb TR&lg TR m = TRMg/TRMb
1 1.00 0.75 0.74 0.75 0.74 TR M (lin) 0-72
2 1.00 0.65 0.64 0.65 0.64 Std Dev 0.05
3 1.00 0.78 0.77 0.77 0.76
ISO Weighting (16-400 Hz)
Subject TRiwb TRwg TR m = TRMg/TRMb
1 1.00 0.89 0.87 0.89 0.87 TRM (Iso) 0.78
2 1.01 0.70 0.67 0.69 0.67 Std Dev 0.08
3 1.01 0.79 0.78 0.79 0.78
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.04 0.46 0.47 0.45 0.45 TRH(L in) 0.47
2 1.07 0.48 0.46 0.45 0.43 Std Dev 0.03
3 1.10 0.57 0.56 0.52 0.51
ISO Weighting (100-1600 Hz)
Subject TRnb TRwg TR h = TRng/TRnb
1 1.04 0.66 0.65 0.64 0.63 TRH(Iso) 0.70
2 1.03 0.68 0.65 0.66 0.63 Std Dev 0.08
3 1.03 0.83 0.85 0.80 0.82
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Table 1-3 ISO Standard 10819 test results for glove 2 using method 2
Glove 2: Method 2 Date: 8/28/97
Spectrum M
Linear Weighting (16-400 Hz)
Subject TRwb TRwg T R m = TRMg/TRMb
TRM(Lin) 0.79 
Std Dev 0.03
1 1.01 0.77 0.76 0.76 0.75
4 0.99 0.82 0.79 0.83 0.80
5 1.02 0.80 0.82 0.79 0.80
ISO Weighting (16-400 Hz)
Subject TRwb TRwg TR m = TRMg/TRMb
TRM(Iso) 0-87 
Std Dev 0.04
1 1.02 0.83 0.84 0.81 0.82
4 1.05 0.97 0.96 0.93 0.92
5 1.03 0.90 0.87 0.88 0.85
Spectrum  H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.10 0.50 0.52 0.46 0.48 TRH(Lin) 0.48 
Std Dev 0.024 1.08 0.55 0.54 0.51 0.50
5 1.08 0.52 0.48 0.49 0.45
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.05 0.75 0.75 0.71 0.71 TRH(iso) 0.72 
Std Dev 0.034 1.04 0.72 0.70 0.69 0.68
5 1.03 0.80 0.79 0.77 0.76
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Table 1-4 ISO Standard 10819 test results for glove 3 using method 2
G love 3: Method 3 Date: 8/28/97
Spectrum M
Linear Weighting (16-400 Hz)
Subject TRwb TRwg TRm = TRMg/TRMb
TRM(lin) 0.80 
Std Dev 0.02
1 1.01 0.81 0.79 0.80 0.79
2 1.01 0.80 0.79 0.80 0.78
3 0.99 0.82 0.82 0.83 0.83
ISO Weighting (16-400 Hz)
Subject TR«b TRlMg T R m = TRMg/TRMb
1 1.03 0.84 0.84 0.82 0.82 TRM(Iso) 0.85 
Std Dev 0.032 1.06 0.90 0.89 0.84 0.84
3 0.99 0.87 0.88 0.88 0.89
Spectrum  H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng T R h = TRng/TRnb
1 1.10 0.58 0.55 0.52 0.50 TRH(lin) 0.49 
Std Dev 0.032 1.04 0.51 0.51 0.50 0.50
3 1.08 0.48 0.50 0.45 0.46
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
TRH(Iso) 0.71 
Std Dev 0.01
1 1.05 0.76 0.74 0.72 0.71
2 1.01 0.73 0.73 0.72 0.72
3 1.04 0.73 0.73 0.70 0.70
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Table 1-5 ISO Standard 10819 test results for glove 4 using m ethod 4
Glove 4: Method 4 Date: 10/24/97
Spectrum M
Linear Weighting (16-400 Hz)
Subject TRwb TR&lg TR m = TRMg/TRMb
TRM(lin) 0-60 
Std Dev 0.04
1 1.00 0.58 0.56 0.58 0.56
2 1.00 0.58 0.58 0.58 0.58
3 1.00 0.66 0.66 0.66 0.66
ISO Weighting (16-400 Hz)
Subject TRwb TRwg TR m = TRMg/TRMb
TRM(iso) 0.68 
Std Dev 0.04
1 1.00 0.64 0.60 0.64 0.60
2 1.00 0.73 0.71 0.73 0.71
3 1.00 0.69 0.69 0.69 0.69
Spectrum  H
Linear Weighting (100-1600 Hz)
Subject TRnb TRwg TR h = TRng/TRnb
1 1.10 0.27 0.26 0.25 0.24 TRH(Lin) 0.27 
Std Dev 0.022 1.10 0.33 0.30 0.30 0.27
3 1.00 0.30 0.27 0.30 0.27
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 0.49 0.47 0.49 0.47 TRH(iso) 0.52 
Std Dev 0.032 1.00 0.55 0.52 0.55 0.52
3 1.00 0.56 0.53 0.56 0.53
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Table 1-6 ISO Standard 10819 test results for glove 5 using method 4
Glove 5: Method 4
Spectrum M
Linear Weighting (16-400 Hz)
Date: 10/3/97
Subject TRiwb TRwg TRm = TRMg/TRwb
1 1.00 0.54 0.51 0.54 0.51 TRM(L in) 0.57
2 1.00 0.50 0.51 0.50 0.51 Std Dev 0.08
3 0.98 0.67 0.67 0.68 0.68
ISO Weighting (16-400 Hz)
Subject TRwb TRwg TRm = TRMg/TRMb
1 1.00 0.61 0.62 0.61 0.62 TRM (Iso) 0.65
2 1.00 0.60 0.61 0.60 0.61 Std Dev 0.06
3 0.99 0.74 0.73 0.75 0.74
ISO Weighting (8-1600 Hz)
Subject TRwb TRmq TRm = TRMg/TRMb
1 1.00 0.64 0.66 0.64 0.66 TR M ( iso) 0.67
2 1.00 0.62 0.62 0.62 0.62 Std Dev 0.05
3 0.99 0.74 0.74 0.75 0.75
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRwb T R h9 TR h = TRHg/TRhb
1 1.10 0.37 0.37 0.34 0.34 TR H (lin) 0.30
2 1.10 0.30 0.29 0.27 0.26 Std Dev 0.03
3 1.00 0.29 0.32 0.29 0.32
ISO Weighting (100-1600 Hz)
Subject TRnb TRwg TR h = TRng/TRnb
1 1.00 0.58 0.56 0.58 0.56 TR H ( iso) 0.51
2 1.00 0.48 0.47 0.48 0.47 Std Dev 0.04
3 0.99 0.46 0.51 0.46 0.52
ISO Weighting (8-1600 Hz)
Subject TRhb TRHg TR h = TRng/TRnb
1 1.00 0.58 0.56 0.58 0.56 TR H( iso) 0.52
2 1.00 0.49 0.47 0.49 0.47 Std Dev 0.04
3 0.99 0.48 0.51 0.48 0.52
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Table 1-7 ISO Standard 10819 test results for glove 6 using method 4
Glove 6 ; M e th o d  4
Spectrum M
Linear Weighting (16-400 Hz)
Date: 1/29/98
Subject TRwb TR mq TR m = TRMg/TRMb
1 0.98 0.66 0.64 0.67 0.65 TRM(Lin) 0-68
2 0.98 0.68 0.67 0.69 0.68 Std Dev 0.02
3 0.98 0.68 0.65 0.69 0.66
ISO Weighting (16-400 Hz)
Subject TRwb TR mq TR m = TRMg/TRMb
1 0.99 0.79 0.78 0.80 0.79 TR M ( iso) 0.77
2 0.99 0.77 0.76 0.78 0.77 Std Dev 0.02
3 0.99 0.76 0.73 0.77 0.74
ISO Weighting (8-1600 Hz)
Subject TRvib TRwg TR m = TRMg/TRMb
1 0.99 0.79 0.78 0.80 0.79 TR M ( iso) 0.77
2 0.99 0.77 0.76 0.78 0.77 Std Dev 0.02
3 0.99 0.76 0.73 0.77 0.74
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRhq TR h = TRng/TRnb
1 1.10 0.34 0.32 0.31 0.29 T R h(lin) 0.31
2 1.10 0.36 0.34 0.33 0.31 Std Dev 0.02
3 1.10 0.31 0.35 0.28 0.32
ISO Weighting (100-1600 Hz)
Subject TRnb TRhq TR h = TRng/TRnb
1 1.00 0.52 0.50 0.52 0.50 T R h(iso) 0.55
2 1.00 0.59 0.59 0.59 0.59 Std Dev 0.04
3 1.00 0.53 0.58 0.53 0.58
ISO Weighting (8-1600 Hz)
Subject TRnb TRhg TRn = TRng/TRnb
1 1.00 0.51 0.49 0.51 0.49 TRH(Iso) 0.54
2 1.00 0.57 0.58 0.57 0.58 Std Dev 0.04
3 1.00 0.51 0.57 0.51 0.57
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Table 1-8 ISO Standard 10 8 19 test results for glove 7 using method 4
Glove 7: M ethod 4
Spectrum  M
Linear Weighting (16-400 Hz)
Date: 1/29/98
Subject TRMb TR mq T R m = TRMg/TRMb
1 0.98 0.64 0.64 0.65 0.65 TRM(L in) 0.71
2 0.98 0.70 0.70 0.71 0.71 Std Dev 0.04
3 0.98 0.73 0.74 0.74 0.76
ISO Weighting (16-400 Hz)
Subject TRMb TR m9 TR m = TRMg/TRMb
1 0.99 0.78 0.75 0.79 0.76 TR M ( iso) 0.79
2 0.99 0.79 0.79 0.80 0.80 Std Dev 0.02
3 0.99 0.77 0.80 0.78 0.81
ISO Weighting (8-1600 Hz)
Subject TRMb TR mq TR m = TRMg/TRMb
1 0.99 0.77 0.75 0.78 0.76 TR M ( iso) 0.79
2 0.99 0.79 0.79 0.80 0.80 Std Dev 0.02
3 0.99 0.77 0.80 0.78 0.81
Spectrum  H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng T R h = TRng/TRHb
1 1.10 0.41 0.34 0.37 0.31 TR H (lin) 0.31
2 1.10 0.33 0.32 0.30 0.29 Std Dev 0.03
3 1.10 0.32 0.32 0.29 0.29
ISO Weighting (100-1600 Hz)
Subject TRnb TRng T R h = TRng/TRnb
1 1.00 0.55 0.52 0.55 0.52 TR H ( iso) 0.56
2 1.00 0.57 0.58 0.57 0.58 Std Dev 0.02
3 1.00 0.57 0.55 0.57 0.55
ISO Weighting (8-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 0.55 0.51 0.55 0.51 TR H ( iso) 0.55
2 1.00 0.56 0.56 0.56 0.56 Std Dev 0.02
3 1.00 0.56 0.54 0.56 0.54
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Table 1-9 ISO Standard 10819 test results for glove 8 using method 4
G love 8 : M eth od  4
Spectrum M
Linear Weighting (16-400 Hz)
Date; 1/29/98
Subject TRwb TRmq TR m = TRMg/TRMb
1 0.98 0.91 0.91 0.93 0.93 TRM (un) 0.93
2 0.98 0.92 0.92 0.94 0.94 Std Dev 0.01
3 0.98 0.92 0.90 0.94 0.92
ISO Weighting (16-400 Hz)
Subject TRwb TRwg TR m = TRMg/TRMb
1 0.99 0.89 0.90 0.90 0.91 TR M ( iso) 0.92
2 0.99 0.92 0.92 0.93 0.93 Std Dev 0.01
3 0.99 0.91 0.91 0.92 0.92
ISO Weighting (8-1600 Hz)
Subject TRwb TRjMg TR m = TRMg/TRMb
1 0.99 0.89 0.90 0.90 0.91 TR M (iso) 0.92
2 0.99 0.92 0.92 0.93 0.93 Std Dev 0.01
3 0.99 0.91 0.90 0.92 0.91
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.10 1.10 1.10 1.00 1.00 T R h ilin ) 0.97
2 1.10 1.10 1.10 1.00 1.00 Std Dev 0.05
3 1.10 0.99 1.00 0.90 0.91
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 1.00 1.00 1.00 1.00 TRH(iso) 100
2 1.00 1.00 1.00 1.00 1.00 Std Dev 0.00
3 1.00 0.99 1.00 0.99 1.00
ISO Weighting (8-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 1.00 1.00 1.00 1.00 TRH(iso) 1 00
2 1.00 1.00 1.00 1.00 1.00 Std Dev 0.01
3 1.00 0.99 0.98 0.99 0.98
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Table I-IO ISO Standard 10819 test results for glove 9 using method 1
Glove 9: Method 1 Date: 6/23/97
Spectrum M
Subject TRwb TR m9 TR m = TRMg/TRMb
TRM(Lin) 0-82 
Std Dev 0.02
1 1.01 0.86 0.83 0.85 0.82
2 1.01 0.83 0.84 0.82 0.83
3 1.00 0.80 0.80 0.81 0.81
ISO Weighting (16-400 Hz)
Subject TRMb TR mq TR m = TRMg/TRMb
TRM(iso) 0.82 
Std Dev 0.04
1 1.02 0.82 0.79 0.80 0.78
2 1.03 0.82 0.83 0.80 0.81
3 0.95 0.82 0.83 0.87 0.87
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.06 0.72 0.69 0.69 0.66 TRH(lin) 0.60 
Std Dev 0.062 1.08 0.68 0.63 0.63 0.58
3 1.10 0.60 0.56 0.54 0.51
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.05 0.88 0.83 0.84 0.80 TRH(iso) 0.79 
Std Dev 0.032 1.03 0.84 0.79 0.81 0.76
3 1.04 0.79 0.77 0.77 0.74
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
88
Table 1 11 ISO Standard 10819 test results for glove 9 using method 2
Glove 9: Method 2 Date: 6/24/97
Spectrum M
Linear Weighting (16-400 Hz)
Subject TRMb TRMg TR m = TRMg/TRMb
1 1.02 0.85 0.84 0.83 0.82 TRM(un) 0.82 
Std Dev 0.012 1.02 0.85 0.84 0.83 0.83
3 1.00 0.79 0.81 0.79 0.81
ISO Weighting (16-400 Hz)
Subject TRMb TRMg TR m = TRMg/TRMb
1 1.07 0.81 0.80 0.76 0.75 TRM(Iso) 0.81 
Std Dev 0.052 1.07 0.89 0.88 0.83 0.82
3 0.99 0.84 0.87 0.85 0.88
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRhb
1 1.08 0.65 0.62 0.60 0.58 TRH(lin) 0.57 
Std Dev 0.022 1.07 0.63 0.60 0.59 0.56
3 1.08 0.58 0.58 0.54 0.53
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
TRH(Iso) 0.77 
Std Dev 0.01
1 1.04 0.81 0.78 0.77 0.74
2 1.03 0.81 0.81 0.79 0.78
3 1.04 0.80 0.80 0.77 0.77
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Table 1-12 ISO Standard 10819 test results for glove 9 using method 3
Glove 9: Method 3
Spectrum M
Linear Weighting (16-400 Hz)
Date: 6/13/97
Subject TRMb TRMg TRm = TRMg/TRMb
1 1.00 0.83 0.82 0.83 0.82 T R M (lin) 0.82
2 1.00 0.83 0.80 0.83 0.81 Std Dev 0.01
3 1.00 0.85 0.81 0.85 0.81
ISO Weighting (16-400 Hz)
Subject TRMb TRMg TRm = TRMg/TRMb
1 1.00 0.89 0.84 0.89 0.84 T R M ( iso) 0.84
2 1.01 0.88 0.83 0.87 0.82 Std Dev 0.03
3 1.01 0.81 0.81 0.81 0.81
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TRh = TRng/TRub
1 1.04 0.61 0.58 0.59 0.56 T R H (lin) 0.54
2 1.07 0.58 0.58 0.54 0.55 Std Dev 0.03
3 1.10 0.58 0.55 0.52 0.50
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.04 0.80 0.76 0.77 0.73 TR H(Iso) 0.75
2 1.03 0.77 0.77 0.75 0.74 Std Dev 0.01
3 1.03 0.78 0.76 0.75 0.73
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Table 1-13 ISO Standard 10819 test results for glove 9 using method 4
Glove 9: Method 4
Spectrum M
Linear Weighting (16-400 Hz)
Date: 10/24/97
Subject TRwb TRMg TR m = TRMg/TRMb
1 1.00 0.80 0.77 0.80 0.77 TR M (un) 0.82
2 1.00 0.81 0.80 0.81 0.80 Std Dev 0.03
3 1.00 0.85 0.86 0.85 0.86
ISO Weighting (16-400 Hz)
Subject TRMb TRMg TR m = TRMg/TRMb
1 1.00 0.79 0.76 0.79 0.76 TR M (iso) 0.82
2 1.00 0.84 0.85 0.84 0.85 Std Dev 0.04
3 1.00 0.85 0.85 0.85 0.85
ISO Weighting (8-1600 Hz)
Subject TRMb TRMg TR m = TRMg/TRMb
1 1.00 0.78 0.75 0.78 0.75 TR M ( iso) 0.82
2 1.00 0.83 0.85 0.83 0.85 Std Dev 0.04
3 1.00 0.85 0.85 0.85 0.85
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.10 0.59 0.59 0.54 0.54 TRH(Lin) 0.52
2 1.10 0.55 0.55 0.50 0.50 Std Dev 0.02
3 1.00 0.53 0.51 0.53 0.51
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 0.81 0.79 0.81 0.79 TR H (iso) 0.80
2 1.00 0.79 0.78 0.79 0.78 Std Dev 0.02
3 1.00 0.81 0.84 0.81 0.84
ISO Weighting (8-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.10 0.80 0.79 0.73 0.72 TR H (iso) 0.77
2 1.00 0.78 0.78 0.78 0.78 Std Dev 0.04
3 1.00 0.81 0.83 0.81 0.83
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Table 1-14 ISO Standard 10819 test results for glove 10 using method 4
Glove 10: Method 4
Spectrum M
Linear Weighting (16-400 Hz)
Date: 10/24/97
Subject TRiwb TRmq TR m = TRMg/TRMb
1 1.00 0.82 0.78 0.82 0.78 TR M (un) 0.86
2 1.00 0.87 0.85 0.87 0.85 Std Dev 0.04
3 1.00 0.90 0.91 0.90 0.91
ISO Weighting (16-400 Hz)
Subject TRwb TRwg T R m = TRMg/TRMb
1 1.00 0.81 0.79 0.81 0.79 T R M ( iso) 0.86
2 1.00 0.89 0.87 0.89 0.87 Std Dev 0.04
3 1.00 0.90 0.90 0.90 0.90
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.10 0.62 0.66 0.56 0.60 TRH(L in) 0.54
2 1.10 0.53 0.56 0.48 0.51 Std Dev 0.04
3 1.00 0.58 0.53 0.58 0.53
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 0.86 0.88 0.86 0.88 TRH(Iso) 0.83
2 1.00 0.80 0.82 0.80 0.82 Std Dev 0.04
3 1.00 0.82 0.77 0.82 0.77
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Table 1-15 ISO Standard 10819 test results for glove 11 using method 4
G love 11: Method 4
Spectrum M
Linear Weighting (16-400 Hz)
D ate:l 0/24/97
Subject TRwb TRmq TRm = TRMg/TRMb
1 1.00 0.73 0.74 0.73 0.74 TR M (lin) 0.76
2 1.00 0.77 0.76 0.77 0.76 Std Dev 0.02
3 1.00 0.77 0.77 0.77 0.77
ISO Weighting (16-400 Hz)
Subject TRiwb TRlWg TRm = TRMg/TRMb
1 1.00 0.76 0.78 0.76 0.78 TR M (Iso) 0.79
2 1.00 0.81 0.82 0.81 0.82 Std Dev 0.02
3 1.00 0.79 0.78 0.79 0.78
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TRh = TRng/TRnb
1 1.10 0.53 0.55 0.48 0.50 TRH(L in) 0.50
2 1.10 0.48 0.51 0.44 0.46 Std Dev 0.05
3 1.00 0.54 0.57 0.54 0.57
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 0.75 0.75 0.75 0.75 TR H ( iso) 0.76
2 1.00 0.70 0.73 0.70 0.73 Std Dev 0.04
3 1.00 0.82 0.79 0.82 0.79
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Table 1-16 ISO Standard 10819 test results for glove 12 using method 1
G love 12: Method 1 Date:6/23/97
Spectrum M
Subject TRvb TRwg TR m = TRMg/TRMb
XRM(Lin) 0-95 
Std Dev 0.03
1 1.01 0.97 0.94 0.95 0.93
2 1.01 0.93 0.91 0.92 0.90
3 1.00 0.98 0.99 0.98 0.99
ISO Weighting (16-400 Hz)
Subject TRwb TR(dg TR m = TRMg/TRMb
TRM(iso) 9.95 
Std Dev 0.06
1 1.02 0.94 0.91 0.93 0.89
2 1.03 0.96 0.93 0.93 0.90
3 0.95 0.98 0.98 1.03 1.04
S pectrum  H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRhb
1 1.06 1.07 1.01 1.02 0.96 TRH(lin) 0.96 
Std Dev 0.052 1.08 1.10 1.07 1.02 0.99
3 1.10 0.99 0.99 0.90 0.90
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.05 1.04 0.98 0.99 0.93 TRH(iso) 1-00 
Std Dev 0.052 1.03 1.02 0.98 0.99 0.95
3 0.95 1.01 1.02 1.07 1.08
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Table 1-16 ISO Standard 10819 test results for glove 12 using method 2
G love  12: Method 2
Spectrum M
Linear Weighting (16-400 Hz)
Date:6/24/97
Subject TRujb TRlWg TR m = TRMg/TRMb
1 1.02 0.94 0.94 0.92 0.92 TRM(L in) 0-93
2 1.02 0.94 0.93 0.93 0.92 Std Dev 0.01
3 1.00 0.94 0.95 0.94 0.95
ISO Weighting (16-400 Hz)
Subject TRwb TR mq T R m = TRMg/TRMb
1 1.07 0.94 0.91 0.88 0.86 TR M ( iso) 0.90
2 1.07 0.96 0.95 0.90 0.88 Std Dev 0.04
3 0.99 0.95 0.94 0.96 0.95
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.08 0.95 1.00 0.88 0.92 TRH(L in) 0-91
2 1.07 0.97 0.95 0.90 0.89 Std Dev 0.02
3 1.08 1.00 1.02 0.92 0.94
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.04 0.96 0.99 0.92 0.95 TR H ( iso) 0.95
2 1.03 0.95 0.93 0.93 0.90 Std Dev 0.05
3 1.04 1.05 1.05 1.01 1.02
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Table 1-17 ISO Standard 10819 test results for glove 12 using method 3
Glove 12: Method 3 Date;6/l3/97
Spectrum M
Linear Weighting (16-400 Hz)
Subject TRMb TRMg TR m = TRMg/TRMb
1 1.00 0.91 0.93 0.91 0.93 TRM(Lin) 0.94 
Std Dev 0.022 1.00 0.94 0.93 0.95 0.94
3 1.00 0.92 0.98 0.92 0.97
ISO Weighting (16-400 Hz)
Subject TRMb TRMg TR m = TRMg/TRMb
TRM(Iso) 0.94 
Std Dev 0.02
1 1.00 0.93 0.94 0.93 0.94
2 1.01 0.96 0.96 0.95 0.95
3 1.01 0.93 0.98 0.92 0.97
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng T R h = TRng/TRnb
TRH(lin) 0.97 
Std Dev 0.04
1 1.04 1.00 1.04 0.97 1.00
2 1.07 1.06 1.08 0.99 1.02
3 1.10 1.07 0.98 0.98 0.89
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.04 1.02 1.02 0.98 0.98 TRH(Iso) 101 
Std Dev 0.032 1.03 1.02 1.03 1.00 1.00
3 1.01 1.06 1.04 1.06 1.03
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Table 1-18 ISO Standard 10819 test results for glove 12 using method 4
Glove 12: Method 4 Date: 1/29/98
Spectrum M
Subject TRwb T R mq TR m = TRMg/TRMb
1 0.98 0.92 0.93 0.94 0.95 TRM(lin) 0 92 
Std Dev 0.022 0.98 0.89 0.87 0.91 0.89
3 0.98 0.91 0.88 0.93 0.90
ISO Weighting (16-400 Hz)
Subject TRlWb TR|Wg TR m = TRMg/TRMb
1 0.99 0.93 0.93 0.94 0.94 TRM(iso) 0.92 
Std Dev 0.022 0.99 0.91 0.89 0.92 0.90
3 0.99 0.92 0.90 0.93 0.91
ISO Weighting (8-1600 Hz)
Subject TRwb TRwg TR m = TRMg/TRMb
1 0.99 0.93 0.93 0.94 0.94 TRM(iso) 0.92 
Std Dev 0.022 0.99 0.91 0.89 0.92 0.90
3 0.99 0.92 0.90 0.93 0.91
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRhb
1 1.10 1.00 1.00 0.91 0.91 TRH(Lin) 0.89 
Std Dev 0.032 1.10 0.93 0.92 0.85 0.84
3 1.10 1.00 1.00 0.91 0.91
ISO Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRnb
1 1.00 1.00 0.99 1.00 0.99 TRH(Iso) 100  
Std Dev 0.002 1.00 1.00 1.00 1.00 1.00
3 1.00 1.00 1.00 1.00 1.00
ISO Weighting (8-1600 Hz)
Subject TRnb TRng TRn = TRng/TRnb
1 1.00 1.00 0.98 1.00 0.98 TRH(iso) 100  
Std Dev 0.012 1.00 1.00 1.00 1.00 1.00
3 1.00 1.00 1.00 1.00 1.00
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Table 1-19 ISO Standard 10819 test results for glove 13 using method 4
Glove 13: Method 4 Date:3/1/98
Spectrum M
Subject TRMb TR mq TR m = TRMg/TRMb
1 0.98 0.94 0.93 0.96 0.95 TRM(Lin) 0-96 
Std Dev 0.002 0.99 0.95 0.95 0.96 0.96
3 0.97 0.93 0.93 0.96 0.96
ISO Weighting (16-400 Hz)
Subject TRMb TRMg TR m = TRMg/TRMb
1 0.97 0.92 0.89 0.95 0.92 TRM(iso) 0.95 
Std Dev 0.022 0.99 0.97 0.96 0.98 0.97
3 1.00 0.94 0.96 0.94 0.96
Spectrum H
Linear Weighting (100-1600 Hz)
Subject TRnb TRng TR h = TRng/TRHb
1 1.10 1.10 1.10 1.00 1.00 TRH(LIN) 1-00 
Std Dev 0.082 1.00 1.10 1.10 1.10 1.10
3 1.10 0.98 0.99 0.89 0.90
ISO Weighting (100-1600 Hz)
Subject TRnb TRflg TRn = TRng/TRnb
1 1.00 0.99 0.99 0.99 0.99 TRH(Iso) 0.99 
Std Dev 0.002 1.00 0.99 1.00 0.99 1.00
3 1.00 0.99 0.99 0.99 0.99
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F igure  II-1 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for gloves 1, 9 and 12 using method 1 (a„^ = 10'^ m /s" )
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Table II-l Bare hand input acceleration levels for gloves 1, 9 and 12 using method 1 
(a,,f = 10^ m / s ')
Individual Bare Hand Input Acceleration Levels for Gloves 1, 9 and 12
Method 1
Spectrum M
Frequency Hz Lower Limit dS
Upper Unit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 77.2 78.8 77.4
20 90.0 94.0 83.9 85.9 84.4
25 97.1 101.1 89.2 90.8 91.0
31.5 106.5 108.5 96.8 97.9 100.8
40 109.0 111.0 100.5 102.2 106.7
50 110.8 112.8 104.5 105.4 108.8
63 112.1 114.1 107.6 108.3 109.8
80 113.3 115.3 111.4 111.4 112.4
100 114.1 116.1 113.4 113.8 114.4
125 114.8 116.8 114.2 114.9 114.4
160 115.0 117.0 114.8 115.1 114.7
200 114.4 116.4 114.7 114.7 114.2
250 112.0 116.0 113.3 113.1 112.8
315 109.9 113.9 111.9 111.9 111.4
400 107.2 111.2 109.0 108.9 108.5
Spectrum H
Frequency Hz Lower Limit dB
Upper Unit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.6 111.1 112.1
125 114.0 118.0 115.3 115.2 115.0
160 118.4 122.4 119.6 119.9 119.1
200 122.7 124.7 122.9 122.8 122.2
250 125.1 127.1 125.1 125.0 124.5
315 126.9 128.9 126.4 126.3 125.8
400 128.3 130.3 128.2 128.1 127.8
500 129.2 131.2 129.5 129.3 129.0
630 129.9 131.9 130.9 130.7 130.5
800 130.1 132.1 127.4 127.9 127.7
1000 129.6 131.6 126.2 125.9 125.7
1250 127.2 131.2 128.2 127.6 127.5
1600 125.0 129.0 126.1 125.5 125.5
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Figure II-2 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove I using method I (a^ f^ = 10'^ m /s " )
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Individual Gloved Hand Input Acceleration Levels for Glove 1
Method 1
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 78.7 78.5 76.6
20 90.0 94.0 83.8 85.4 83.3
25 97.1 101.1 87.8 90.0 90.3
31.5 106.5 108.5 95.6 98.2 102.3
40 109.0 111.0 98.9 104.1 107.7
50 110.8 112.8 104.2 107.1 109.5
63 112.1 114.1 110.2 109.8 110.7
80 113.3 115.3 112.7 112.3 112.5
100 114.1 116.1 113.9 113.7 114.1
125 114.8 116.8 114.4 114.7 114.4
160 115.0 117.0 114.7 115.4 114.9
200 114.4 116.4 114.8 115.0 115.1
250 112.0 116.0 113.4 113.8 113.8
315 109.9 113.9 112.1 112.4 112.3
400 107.2 111.2 109.3 109.4 109.0
Spectrum H
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.9 111.6 111.3
125 114.0 118.0 115.0 115.2 114.2
160 118.4 122.4 119.6 119.8 119.0
200 122.7 124.7 122.8 123.0 122.9
250 125.1 127.1 125.4 125.4 125.3
315 126.9 128.9 126.5 126.9 126.7
400 128.3 130.3 128.2 128.5 128.3
500 129.2 131.2 129.4 129.6 129.4
630 129.9 131.9 130.6 130.7 130.6
800 130.1 132.1 127.5 128.2 128.5
1000 129.6 131.6 128.0 128.5 128.8
1250 127.2 131.2 128.8 128.7 128.6
1600 125.0 129.0 126.2 126.2 126.1
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Figure II-3 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for gloves I, 9 and 12 using method 2 (a^ ,^ = 10'^ m / s")
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Table II-3 Bare hand input acceleration levels for gloves 1, 9 and 12 using method 2
(a„.,-= 10'^ m /s* )
Individual Bare Hand Input Acceleration Levels for Gloves 1, 9 and 12
Method 2
Spectrum M
Frequency Hz Lower Limit dB
Upper Limt 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 84.7 85.1 84.1
20 90.0 94.0 93.3 93.7 93.0
25 97.1 101.1 100.8 100.0 102.9
31.5 106.5 108.5 106.8 107.1 112.4
40 109.0 111.0 108.4 109.5 114.4
50 110.8 112.8 111.2 110.8 114.2
63 112.1 114.1 113.7 112.3 114.0
80 113.3 115.3 115.1 113.9 115.0
100 114.1 116.1 115.5 115.0 115.8
125 114.8 116.8 115.7 115.7 115.4
160 115.0 117.0 115.7 115.8 115.4
200 114.4 116.4 115.1 115.1 115.0
250 112.0 116.0 113.6 113.5 113.4
315 109.9 113.9 112.2 112.2 112.0
400 107.2 111.2 109.1 109.2 108.9
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.3 110.5 111.6
125 114.0 118.0 115.0 114.9 114.4
160 118.4 122.4 120.1 120.1 119.8
200 122.7 124.7 122.9 122.9 122.7
250 125.1 127.1 125.5 125.4 125.4
315 126.9 128.9 127.6 127.5 127.6
400 128.3 130.3 129.3 129.2 129.3
500 129.2 131.2 130.5 130.5 130.4
630 129.9 131.9 131.5 131.5 131.5
800 130.1 132.1 130.3 130.3 130.9
1000 129.6 131.6 131.9 131.7 132.0
1250 127.2 131.2 130.4 130.2 130.3
1600 125.0 129.0 127.2 127.2 127.2
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Figure II-4 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 1 using method 2 (a^^ = 10'^ m /s ')
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Table II-4 Gloved hand input acceleration levels for glove 1 using method 2
(a„., = 10'  ^ m /s - )
106
Individual Gloved Hand Input Acceleration Levels for Glove 1
Method 2
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 82.4 84.5 82.9
20 90.0 94.0 91.0 92.8 91.3
25 97.1 101.1 97.9 99.8 100.7
31.5 106.5 108.5 103.9 106.9 109.0
40 109.0 111.0 104.8 110.2 111.8
50 110.8 112.8 108.6 112.2 112.7
63 112.1 114.1 112.4 112.9 113.7
80 113.3 115.3 113.8 113.6 114.3
100 114.1 116.1 114.4 114.8 114.9
125 114.8 116.8 114.9 115.7 115.7
160 115.0 117.0 115.4 115.9 116.2
200 114.4 116.4 115.0 115.2 115.4
250 112.0 116.0 113.4 113.6 113.4
315 109.9 113.9 111.4 111.8 111.4
400 107.2 111.2 108.9 109.1 108.6
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.9 111.2 111.5
125 114.0 118.0 115.4 1154 115.7
160 118.4 122.4 120.6 120.5 121.0
200 122.7 124.7 123.3 123.1 123.6
250 125.1 127.1 125.8 1259 126.1
315 126.9 128.9 127.3 127.7 127.5
400 128.3 130.3 128.6 128.7 128.7
500 129.2 131.2 129.6 129.7 129.8
630 129.9 131.9 130.8 131.1 131.0
800 130.1 132.1 129.9 130.2 131.3
1000 129.6 131.6 130.8 130.6 131.9
1250 127.2 131.2 127.6 127.6 127.6
1600 125.0 129.0 126.6 126.5 126.5
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Figure II-5  Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for gloves 1, 9 and 12 using method 3 (a^^ = 10‘^  m / s ')
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Table II-5 Bare hand input acceleration levels for gloves I, 9 and 12 using method 3
(a„,. = 10'^ m / s ' )
Individual Bare Hand Input Acceleration Levels for Gloves 1, 9 and 12
Method 3
Spectrum M
Frequency Hz Lov\er Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 85.5 86.6 84.1
20 90.0 94.0 92.3 93.6 92.7
25 97.1 101.1 100.3 100.7 99.2
31.5 106.5 108.5 107.9 107.8 107.4
40 109.0 111.0 110.0 110.7 109.8
50 110.8 112.8 111.5 111.7 112.5
63 112.1 114.1 113.1 113.1 113.0
80 113.3 115.3 114.6 114.5 113.9
100 114.1 116.1 115.0 115.4 115.2
125 114.8 116.8 115.8 116.2 115.4
160 115.0 117.0 116.1 116.3 115.6
200 114.4 116.4 115.4 115.5 114.9
250 112.0 116.0 113.3 114.2 113.7
315 109.9 113.9 112.0 112.2 112.2
400 107.2 111.2 109.5 109.7 110.2
Spectrum H
Frequency Hz Lovwsr Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.5 110.4 111.2
125 114.0 118.0 115.5 115.9 115.3
160 118.4 122.4 119.7 120.0 119.3
200 122.7 124.7 123.1 123.3 123.1
250 125.1 127.1 125.9 126.1 125.8
315 126.9 128.9 127.6 127.8 127.8
400 128.3 130.3 129.2 129.3 129.5
500 129.2 131.2 130.2 130.3 130.5
630 129.9 131.9 130.8 131.0 131.2
800 130.1 132.1 131.2 131.9 131.7
1000 129.6 131.6 129.4 129.7 130.0
1250 127.2 131.2 129.3 129.4 129.8
1600 125.0 129.0 126.9 127.1 127.2
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Figure II-6 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove I using method 3 (a^, = 10^ m / s ')
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Table II-6 Gloved hand input acceleration levels for glove 1 using method 3
(a^, = 10'^ m /s -)
110
Individual Gloved Hand Input Acceleration Levels for Glove 1
Method 3
Spectrum M
Frequency Hz Lower Unit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 84.9 85.1 86.4
20 90.0 94.0 91.8 91.5 92.8
25 97.1 101.1 99.2 98.8 99.6
31.5 106.5 108.5 107.7 106.8 107.0
40 109.0 111.0 110.0 110.6 110.0
50 110.8 112.8 111.2 112.3 111.2
63 112.1 114.1 113.7 113.7 113.3
80 113.3 115.3 114.6 114.7 114.2
100 114.1 116.1 115.1 115.7 115.1
125 114.8 116.8 115.8 116.3 115.5
160 115.0 117.0 116.6 116.4 115.7
200 114.4 116.4 115.8 115.5 115.8
250 112.0 116.0 113.9 114.9 114.9
315 109.9 113.9 112.5 113.2 112.9
400 107.2 111.2 109.7 110.4 109.8
Spectrum H
Frequency Hz Lower Linrit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.1 110.2 110.4
125 114.0 118.0 115.7 115.6 115.3
160 118.4 122.4 120.0 119.9 119.9
200 122.7 124.7 123.6 123.7 123.7
250 125.1 127.1 126.2 126.5 126.5
315 126.9 128.9 128.0 128.3 128.4
400 128.3 130.3 129.8 129.6 130.0
500 129.2 131.2 130.6 130.3 130.8
630 129.9 131.9 131.0 130.9 131.2
800 130.1 132.1 130.6 131.1 131.0
1000 129.6 131.6 130.4 131.0 131.3
1250 127.2 131.2 129.8 129.6 130.1
1600 125.0 129.0 127.7 127.5 127.7
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Figure II-7 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for glove 2 using method 2 (a^ ,^ = 10'^ m /s ')
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Table 11-7 Bare hand input acceleration levels for glove 2 using method 2
(a^ f=  10'^ m /s - )
Individual Bare Hand Input Acceleration Levels for Glove 2
Method 2
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Subject 1 
dB
Subject 4 
dB
Subject 5 
dB
16 83.1 87.1 82.9 85.3 86.2
20 90.0 94.0 90.4 92.2 93.6
25 97.1 101.1 99.7 100.5 102.1
31.5 106.5 108.5 106.8 107.4 108.8
40 109.0 111.0 110.0 109.8 110.7
50 110.8 112.8 111.8 111.3 110.8
63 112.1 114.1 113.4 114.7 112.4
80 113.3 115.3 114.0 115.3 114.0
100 114.1 116.1 114.5 114.7 114.3
125 114.8 116.8 115.0 115.2 115.6
160 115.0 117.0 115.1 115.5 115.8
200 114.4 116.4 114.8 115.0 115.2
250 112.0 116.0 113.4 113.4 113.5
315 109.9 113.9 110.4 110.5 110.6
400 107.2 111.2 108.3 108.2 108.4
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 4 
dB
Subject 5 
dB
100 109.5 113.5 110.3 110.8 109.7
125 114.0 118.0 116.5 116.8 116.8
160 118.4 122.4 120.5 120.7 120.9
200 122.7 124.7 124.2 124.2 124.3
250 125.1 127.1 126.3 126.4 126.1
315 126.9 128.9 127.5 127.5 127.5
400 128.3 130.3 129.0 129.1 129.0
500 129.2 131.2 130.9 131.0 130.9
630 129.9 131.9 131.1 131.1 131.1
800 130.1 132.1 131.9 132.1 131.7
1000 129.6 131.6 132.0 132.0 131.6
1250 127.2 131.2 129.7 129.8 129.7
1600 125.0 129.0 125.8 125.8 125.8
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Figure II-8  Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 2 using method 2 (a„f = 10'^ m / s’ )
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Table II-8  Gloved hand input acceleration levels for glove 2 using method 2
( a ^ =  1 0 ' m / s ’)
114
Individual Gloved Hand Input Acceleration Levels for Glove 2
Method 2
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 4 
dB
Subject 5 
dB
16 83.1 87.1 83.4 85.2 86.2
20 90.0 94.0 90.1 91.4 93.6
25 97.1 101.1 99.1 99.7 101.3
31.5 106.5 108.5 105.6 106.8 108.1
40 109.0 111.0 108.8 110.0 111.6
50 110.8 112.8 111.3 112.2 113.3
63 112.1 114.1 114.6 115.0 114.0
80 113.3 115.3 114.7 115.9 114.8
100 114.1 116.1 114.8 115.1 114.6
125 114.8 116.8 115.2 114.6 114.8
160 115.0 117.0 115.6 115.5 115.5
200 114.4 116.4 115.1 114.9 115.2
250 112.0 116.0 113.5 113.4 113.5
315 109.9 113.9 110.8 111.0 110.8
400 107.2 111.2 109.0 108.9 109.0
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 4 
dB
Subject 5 
dB
100 109.5 113.5 110.8 111.2 110.8
125 114.0 118.0 116.8 116.2 117.2
160 118.4 122.4 120.9 120.7 121.3
200 122.7 124.7 124.5 124.4 124.6
250 125.1 127.1 126.5 126.5 126.7
315 126.9 128.9 128.0 128.0 128.2
400 128.3 130.3 129.6 129.6 129.7
500 129.2 131.2 131.2 131.1 131.3
630 129.9 131.9 131.1 130.9 131.2
800 130.1 132.1 132.4 132.3 133.0
1000 129.6 131.6 134.7 134.7 134.8
1250 127.2 131.2 131.0 131.0 131.0
1600 125.0 129.0 126.5 126.4 126.5
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Figure II-9 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for glove 3 using method 2 (a„f = 10'^ m /s ')
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table II-9 Bare hand input acceleration levels for glove 3 using method 2
(a„, = 10'^ m /s - )
116
Individual Bare Hand Input Acceleration Levels for Glove 3
Method 2
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 85.3 85.8 85.3
20 90.0 94.0 92.9 93.3 93.4
25 97.1 101.1 101.2 101.3 100.6
31.5 106.5 108.5 107.3 107.8 107.6
40 109.0 111.0 108.5 109.8 110.9
50 110.8 112.8 111.6 111.0 113.9
63 112.1 114.1 113.7 112.2 114.7
80 113.3 115.3 114.7 113.7 115.5
100 114.1 116.1 115.9 115.4 116.3
125 114.8 116.8 116.2 116.1 116.1
160 115.0 117.0 115.8 115.9 115.6
200 114.4 116.4 115.4 115.3 114.9
250 112.0 116.0 113.7 113.8 113.3
315 109.9 113.9 110.8 111.0 110.4
400 107.2 111.2 108.7 108.9 108.4
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.7 110.2 110.7
125 114.0 118.0 116.9 117.0 116.0
160 118.4 122.4 120.9 121.2 120.1
200 122.7 124.7 124.7 125.0 123.7
250 125.1 127.1 127.0 127.2 125.9
315 126.9 128.9 128.2 128.5 127.3
400 128.3 130.3 129.6 129.8 129.0
500 129.2 131.2 131.1 131.2 130.9
630 129.9 131.9 130.8 130.9 131.0
800 130.1 132.1 131.1 131.3 132.0
1000 129.6 131.6 132.2 131.9 131.8
1250 127.2 131.2 130.5 130.3 129.7
1600 125.0 129.0 126.1 125.9 125.7
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Figure 11-10 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 3 using meüiod 2 (a^ ,^ = 10'^ m /  s ’)
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Table 11-10 Gloved hand input acceleration levels for glove 3 using method 2
(a^f = 10^ m / s ’)
Individual Gloved Hand Input Acceleration Levels for Glove 3
Method 2
Spectrum M
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 84.1 84.6 83.6
20 90.0 94.0 91.3 91.7 91.9
25 97.1 101.1 99.9 99.4 102.5
31.5 106.5 108.5 106.1 106.4 112.3
40 109.0 111.0 107.3 109.5 114.3
50 110.8 112.8 110.7 111.2 113.9
63 112.1 114.1 113.3 111.9 113.4
80 113.3 115.3 114.0 112.8 114.0
100 114.1 116.1 115.7 114.5 115.1
125 114.8 116.8 115.9 115.8 115.3
160 115.0 117.0 115.8 116.0 115.8
200 114.4 116.4 115.1 115.3 115.5
250 112.0 116.0 113.9 114.2 113.7
315 109.9 113.9 110.9 111.8 111.1
400 107.2 111.2 108.9 109.5 108.9
Spectrum H
Frequency Hz Lower Limit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.7 110.2 110.1
125 114.0 118.0 116.6 117.0 115.9
160 118.4 122.4 120.7 121.2 120.6
200 122.7 124.7 124.4 125.0 124.6
250 125.1 127.1 126.7 127.2 126.8
315 126.9 128.9 127.7 128.3 127.9
400 128.3 130.3 128.8 129.2 129.0
500 129.2 131.2 130.6 131.0 130.6
630 129.9 131.9 130.9 131.1 131.1
800 130.1 132.1 130.0 130.8 131.1
1000 129.6 131.6 130.6 131.1 130.8
1250 127.2 131.2 128.3 128.2 127.8
1600 125.0 129.0 126.7 126.5 126.9
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Figure 11-11 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for gloves 4 ,9 , 10 and 11 using method 4 (a„, = 10^ m / s ')
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Table 11-11 Bare hand input acceleration levels for gloves 4, 9, 10 and 11 using method 4
(a„f = 10^ m / s ')
Individual Bare Hand Input Acceleration Levels for Gloves 4, 9, 10 and 11
Method 4
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 85.7 87.9 87.6
20 90.0 94.0 93.1 95.2 94.6
25 97.1 101.1 98.6 100.3 99.3
31.5 106.5 108.5 106.2 106.8 105.7
40 109.0 111.0 107.2 111.1 110.1
50 110.8 112.8 109.8 112.7 113.0
63 112.1 114.1 113.5 114.5 112.3
80 113.3 115.3 115.4 115.7 115.1
100 114.1 116.1 115.3 115.9 115.4
125 114.8 116.8 116.3 117.2 116.0
160 115.0 117.0 116.5 116.7 116.0
200 114.4 116.4 114.8 114.9 114.3
250 112.0 116.0 113.4 113.1 112.9
315 109.9 113.9 112.2 112.5 111.8
400 107.2 111.2 109.3 109.3 108.9
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.7 111.0 111.2
125 114.0 118.0 116.5 117.3 116.7
160 118.4 122.4 121.3 121.0 120.4
200 122.7 124.7 124.8 124.0 123.7
250 125.1 127.1 127.0 126.0 125.6
315 126.9 128.9 127.9 126.7 126.8
400 128.3 130.3 128.9 128.1 128.2
500 129.2 131.2 130.0 130.5 130.5
630 129.9 131.9 130.7 131.3 131.4
800 130.1 132.1 129.8 130.2 131.0
1000 129.6 131.6 128.8 129.4 129.7
1250 127.2 131.2 128.8 128.1 128.2
1600 125.0 129.0 124.0 126.4 126.5
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Figure 11-12 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 4 using method 4 (a^., = 10'  ^ m / s ' )
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Table 11-12 Gloved hand input acceleration levels for glove 4 using method 4
-  1 0 ' m /s - )(^rcf =
Individual Gloved Hand Input Acceleration Levels for Glove 4
Method 4
Spectrum M
Frequency Hz Lower Lirrit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 84.7 87.1 84.2
20 90.0 94.0 92.3 94.6 92.4
25 97.1 101.1 98.3 98.9 98.1
31.5 106.5 108.5 106.4 105.9 106.4
40 109.0 111.0 109.3 109.6 110.0
50 110.8 112.8 112.2 112.8 112.5
63 112.1 114.1 114.6 114.4 113.6
80 113.3 115.3 115.5 114.9 114.6
100 114.1 116.1 114.8 114.8 114.9
125 114.8 116.8 116.7 116.3 115.8
160 115.0 117.0 117.1 116.8 116.3
200 114.4 116.4 115.4 115.2 115.1
250 112.0 116.0 113.4 113.8 113.6
315 109.9 113.9 112.2 112.9 112.3
400 107.2 111.2 109.3 109.9 109.4
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 113.0 112.6 112.2
125 114.0 118.0 117.2 117.3 116.6
160 118.4 122.4 120.5 120.6 120.8
200 122.7 124.7 123.7 124.0 124.1
250 125.1 127.1 126.0 126.5 126.2
315 126.9 128.9 127.2 127.8 127.5
400 128.3 130.3 128.4 128.9 128.7
500 129.2 131.2 130.7 131.0 130.8
630 129.9 131.9 131.0 131.3 131.1
800 130.1 132.1 129.5 130.8 130.7
1000 129.6 131.6 130.0 130.7 130.8
1250 127.2 131.2 130.9 128.6 128.6
1600 125.0 129.0 126.8 126.4 126.3
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Figure 11-13 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for glove 5 using method 4 (a^^ = 10'^ m / s‘ )
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Table 11-13 Bare hand input acceleration levels for glove 5 using method 4
(a . = 10'  ^ m / s ’)
Individual Bare Hand Input Acceleration Levels for Glove 5
Method 4
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 84.2 86.0 85.6
20 90.0 94.0 93.8 93.4 94.5
25 97.1 101.1 99.3 100.6 100.4
31.5 106.5 108.5 104.2 109.4 104.4
40 109.0 111.0 106.8 112.3 108.7
50 110.8 112.8 109.3 113.6 110.6
63 112.1 114.1 110.6 115.3 112.1
80 113.3 115.3 112.5 115.5 114.2
100 114.1 116.1 113.0 115.4 114.9
125 114.8 116.8 114.2 115.7 115.6
160 115.0 117.0 114.3 115.4 115.7
200 114.4 116.4 113.4 114.1 114.7
250 112.0 116.0 111.8 112.2 112.6
315 109.9 113.9 110.4 110.6 111.5
400 107.2 111.2 108.6 108.8 111.1
Spectrum H
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.8 110.9 111.1
125 114.0 118.0 117.6 117.7 117.0
160 118.4 122.4 121.1 121.3 120.9
200 122.7 124.7 124.5 124.5 124.1
250 125.1 127.1 126.1 126.0 125.7
315 126.9 128.9 126.9 127.0 126.9
400 128.3 130.3 128.2 128.4 128.1
500 129.2 131.2 129.7 130.0 129.7
630 129.9 131.9 130.0 130.5 130.0
800 130.1 132.1 130.1 130.9 131.8
1000 129.6 131.6 129.3 130.5 130.4
1250 127.2 131.2 128.1 129.6 128.4
1600 125.0 129.0 126.1 125.2 126.4
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Figure 11-14 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 5 using method 4 (a^^ = 10'  ^ m / s ')
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Table 11-14 Gloved hand input acceleration levels for glove 5 using method 4
10" m /s - )
Individual Gloved Hand Input Acceleration Levels for Glove 5
Method 4
Spectrum M
Frequency Hz Lov\^r Limit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 84.7 83.6 83.5
20 90.0 94.0 93.7 90.2 92.3
25 97.1 101.1 100.2 98.5 99.8
31.5 106.5 108.5 105.7 107.9 107.6
40 109.0 111.0 108.9 109.4 111.2
50 110.8 112.8 111.7 111.1 111.3
63 112.1 114.1 112.9 113.9 111.7
80 113.3 115.3 113.9 114.7 113.4
100 114.1 116.1 114.5 115.3 114.3
125 114.8 116.8 115.5 115.9 114.6
160 115.0 117.0 115.6 116.0 115.6
200 114.4 116.4 114.8 115.0 115.1
250 112.0 116.0 112.9 113.3 113.4
315 109.9 113.9 111.1 111.5 112.3
400 107.2 111.2 109.4 109.5 111.3
Spectrum H
Frequency Hz Lovwr Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.1 111.4 110.1
125 114.0 118.0 117.5 117.0 116.9
160 118.4 122.4 121.2 119.4 120.7
200 122.7 124.7 124.5 122.5 124.2
250 125.1 127.1 126.4 125.3 126.2
315 126.9 128.9 127.4 127.4 127.2
400 128.3 130.3 128.9 129.4 128.2
500 129.2 131.2 130.0 130.7 129.6
630 129.9 131.9 129.5 130.0 129.2
800 130.1 132.1 130.0 129.8 130.4
1000 129.6 131.6 130.9 130.2 131.0
1250 127.2 131.2 128.6 129.2 128.5
1600 125.0 129.0 126.8 127.7 127.0
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Figure 11-15 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for gloves 6, 7, 8 and 12 using method 4 (a„f = 10'^ m / s ' )
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Table 11-15 Bare hand input acceleration levels for gloves 6, 7, 8 and 12 using method 4
(a„f = 10'^ m / s ')
Individual Bare Hand Input Acceleration Levels for Gloves 6, 7, 8 and 12
Method 4
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.8 84.9 85.4
20 90.0 94.0 92.6 94.4 94.4
25 97.1 101.1 100.4 101.6 100.4
31.5 106.5 108.5 107.5 107.9 108.5
40 109.0 111.0 108.8 109.5 111.4
50 110.8 112.8 110.5 111.3 111.7
63 112.1 114.1 112.2 111.8 112.6
80 113.3 115.3 112.9 113.5 113.3
100 114.1 116.1 114.7 114.9 115.5
125 114.8 116.8 115.7 115.8 115.7
160 115.0 117.0 116.6 115.9 115.7
200 114.4 116.4 116.8 115.4 115.4
250 112.0 116.0 115.0 113.9 113.8
315 109.9 113.9 111.2 111.2 112.1
400 J 107.2 111.2 107.4 107.0 102.8
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.1 110.4 110.4
125 114.0 118.0 115.9 115.8 114.3
160 118.4 122.4 120.3 119.6 118.3
200 122.7 124.7 123.4 122.5 123.1
250 125.1 127.1 125.7 125.4 125.6
315 126.9 128.9 127.1 126.6 127.8
400 128.3 130.3 129.7 129.3 129.6
500 129.2 131.2 130.1 129.4 131.3
630 129.9 131.9 130.8 129.8 131.1
800 130.1 132.1 131.2 131.5 130.4
1000 129.6 131.6 131.1 130.5 130.2
1250 127.2 131.2 129.6 128.9 129.6
1600 125.0 129.0 124.3 123.8 125.4
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Figure 11-16 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 6 using method 4 (a„f = 10'  ^ m / s’ )
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Table H -16 Gloved hand input acceleration levels for glove 6 using method 4
(a . = 10'  ^ m / s ')
130
Individual Gloved Hand Input Acceleration Levels for Glove 6
Method 4
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.4 84.2 84.3
20 90.0 94.0 92.8 93.6 94.0
25 97.1 101.1 100.0 99.7 99.5
31.5 106.5 108.5 107.6 106.6 107.2
40 109.0 111.0 109.3 110.6 109.4
50 110.8 112.8 112.3 113.8 112.6
63 112.1 114.1 113.8 114.6 113.8
80 113.3 115.3 113.5 114.4 113.9
100 114.1 116.1 114.4 115.0 115.0
125 114.8 116.8 114.9 115.5 115.0
160 115.0 117.0 115.3 116.0 115.9
200 114.4 116.4 115.5 115.6 115.8
250 112.0 116.0 114.4 114.4 114.2
315 109.9 113.9 111.5 111.7 112.5
400 107.2 111.2 107.7 107.6 103.3
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.0 110.0 109.8
125 114.0 118.0 115.8 115.0 114.2
160 118.4 122.4 120.5 120.0 118.9
200 122.7 124.7 123.5 122.9 122.9
250 125.1 127.1 126.2 125.8 125.4
315 126.9 128.9 127.8 127.3 126.8
400 128.3 130.3 130.2 129.9 130.0
500 129.2 131.2 130.2 129.9 131.0
630 129.9 131.9 130.1 129.7 131.8
800 130.1 132.1 130.5 130.2 129.1
1000 129.6 131.6 131.1 131.1 129.7
1250 127.2 131.2 129.4 129.3 129.2
1600 125.0 129.0 125.3 124.8 124.8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
131
120
115
110COTJ
CO
0
_l
105
c  100 
o Spectrum-M
£0
0I
Frequency vs Lower Limit 
7 Frequency vs Upper Limit
  Frequency vs Subject 1
   Frequency vs Subject 2
  Frequency vs Subject 3
16 20 25 31.5 40 50 63 80 100 125 160 200 250 315 400
Third Octave Center Frequency (Hz)
00T3
co
20
s
<
135
130
■g 125
120
115
110
105
Spectrum-H
Frequency vs Lower Limit 
Frequency vs Upper Limit 
Frequency H vs Subject 1 
Frequency H vs Subject 2 
Frequency H vs Subject 3
100 125 160 200 250 315 400 500 630 800 1000 1250 1600
Third Octave Center Frequency (Hz)
Figure 11-17 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 7 using method 4 (a^^ = 10^ m /s " )
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Table 11-17 Gloved hand input acceleration levels for glove 7 using method 4
(a _  = 10'^ m /s - )
132
Individual Gloved Hand input Acceleration Levels for Glove 7
Method 4
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.5 84.9 84.4
20 90.0 94.0 92.8 93.6 94.2
25 97.1 101.1 99.7 100.1 101.2
31.5 106.5 108.5 107.6 108.0 111.3
40 109.0 111.0 110.2 111.2 113.5
50 110.8 112.8 113.3 114.0 112.9
63 112.1 114.1 114.4 114.5 112.6
80 113.3 115.3 113.5 114.4 113.8
100 114.1 116.1 113.9 115.1 114.7
125 114.8 116.8 114.5 115.7 114.8
160 115.0 117.0 115.4 115.8 115.7
200 114.4 116.4 115.6 115.6 115.6
250 112.0 116.0 114.7 114.6 114.5
315 109.9 113.9 111.7 111.9 112.8
400 107.2 111.2 107.7 107.4 103.2
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.2 110.3 109.7
125 114.0 118.0 116.0 115.3 114.4
160 118.4 122.4 120.8 120.1 119.6
200 122.7 124.7 124.2 123.5 122.9
250 125.1 127.1 126.8 126.1 125.8
315 126.9 128.9 128.0 127.3 127.2
400 128.3 130.3 130.5 130.1 130.0
500 129.2 131.2 130.5 130.0 131.2
630 129.9 131.9 130.3 130.0 131.9
800 130.1 132.1 131.2 131.0 129.6
1000 129.6 131.6 132.2 131.6 130.2
1250 127.2 131.2 129.7 129.5 129.3
1600 125.0 129.0 124.5 125.1 125.0
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Figure 11-18 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 8 using method 4 (a .^  ^ = 10^ m / s ' )
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Table 11-18 Gloved hand input acceleration levels for glove 8 using method 4
(a„, = lO '^ m /s -)
134
Individual Gloved Hand Input Acceleration Levels for Glove 8
Method 4
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.6 83.9 85.1
20 90.0 94.0 93.8 94.2 94.6
25 97.1 101.1 101.3 100.3 99.3
31.5 106.5 108.5 108.3 106.7 106.8
40 109.0 111.0 109.4 108.5 110.2
50 110.8 112.8 111.7 111.7 111.4
63 112.1 114.1 112.8 112.6 112.7
80 113.3 115.3 113.3 112.7 113.5
100 114.1 116.1 114.7 113.8 114.5
125 114.8 116.8 115.7 114.5 115.1
160 115.0 117.0 116.7 115.0 115.7
200 114.4 116.4 116.6 114.7 115.4
250 112.0 116.0 114.8 113.9 114.2
315 109.9 113.9 111.0 111.0 112.7
400 107.2 111.2 106.8 107.1 103.2
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.1 110.0 112.3
125 114.0 118.0 115.0 115.1 116.5
160 118.4 122.4 119.8 119.8 120.9
200 122.7 124.7 122.9 123.0 124.9
250 125.1 127.1 125.3 125.4 126.5
315 126.9 128.9 126.8 127.0 128.2
400 128.3 130.3 129.4 129.5 129.6
500 129.2 131.2 130.0 129.7 131.4
630 129.9 131.9 130.6 129.9 131.5
800 130.1 132.1 130.2 130.5 129.8
1000 129.6 131.6 130.5 130.0 129.6
1250 127.2 131.2 129.4 129.2 129.7
1600 125.0 129.0 124.3 124.5 125.6
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Figure 11-19 Spectrum M (top) and Spectrum H (bottom) gloved hand input 
acceleration levels for glove 9 using method I (a„, = 10 m / s‘)
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Table I I -19 Gloved hand input acceleration levels for glove 9 using method 1
(a„f = 10'  ^ m / s ’)
136
Individual Gloved Hand Input Acceleration Levels for Glove 9
Method 1
Spectrum M
Frequency Hz Lower Limit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 76.8 79.3 77.6
20 90.0 94.0 84.1 85.7 84.3
25 97.1 101.1 89.0 90.5 89.7
31.5 106.5 108.5 96.9 98.4 100.5
40 109.0 111.0 100.5 103.8 107.1
50 110.8 112.8 105.6 106.9 109.0
63 112.1 114.1 109.8 110.5 110.3
80 113.3 115.3 112.1 112.7 112.6
100 114.1 116.1 113.4 114.2 113.6
125 114.8 116.8 114.1 115.4 114.7
160 115.0 117.0 114.6 115.5 115.3
200 114.4 116.4 115.0 115.3 114.7
250 112.0 116.0 113.7 114.1 113.5
315 109.9 113.9 112.3 112.5 112.3
400 107.2 111.2 109.2 109.2 109.1
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.2 111.4 111.3
125 114.0 118.0 114.7 115.4 115.3
160 118.4 122.4 119.4 119.9 120.1
200 122.7 124.7 122.9 123.0 123.0
250 125.1 127.1 125.3 125.5 125.3
315 126.9 128.9 126.5 126.7 126.8
400 128.3 130.3 128.4 128.5 128.4
500 129.2 131.2 129.5 129.6 129.4
630 129.9 131.9 130.7 130.7 130.6
800 130.1 132.1 127.5 128.4 128.9
1000 129.6 131.6 127.6 128.4 129.4
1250 127.2 131.2 128.7 128.7 128.6
1600 125.0 129.0 126.3 126.2 126.1
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Figure 11-20 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 9 using method 2 (a„f = 10'^ m / s ' )
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Table 11-20 Gloved hand input acceleration levels for glove 9 using method 2
(a„, = 10'^ m / s ’ )
138
Individual Gloved Hand Input Acceleration Levels for Glove 9
Method 2
Spectrum M
Frequency Hz. Lower Limit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.8 85.0 83.5
20 90.0 94.0 91.7 93.6 92.2
25 97.1 101.1 100.0 100.2 99.3
31.5 106.5 108.5 106.3 107.3 107.5
40 109.0 111.0 107.8 109.9 111.6
50 110.8 112.8 111.1 111.3 113.1
63 112.1 114.1 113.6 112.9 113.6
80 113.3 115.3 114.4 113.9 114.3
100 114.1 116.1 114.3 114.5 114.4
125 114.8 116.8 115.1 115.9 115.1
160 115.0 117.0 115.1 116.2 115.9
200 114.4 116.4 114.8 115.3 114.7
250 112.0 116.0 113.2 113.5 112.9
315 109.9 113.9 111.1 111.6 111.3
400 107.2 111.2 108.5 108.7 108.6
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.4 111.4 111.4
125 114.0 118.0 115.2 115.7 115.9
160 118.4 122.4 120.2 120.4 120.7
200 122.7 124.7 123.2 123.1 123.3
250 125.1 127.1 125.6 125.8 125.8
315 126.9 128.9 127.1 127.4 127.4
400 128.3 130.3 128.4 128.5 128.4
500 129.2 131.2 129.5 129.6 129.5
630 129.9 131.9 130.8 131.0 130.8
800 130.1 132.1 129.9 130.4 131.0
1000 129.6 131.6 130.3 130.2 131.4
1250 127.2 131.2 127.3 127.4 127.3
1600 125.0 129.0 126.4 126.4 126.3
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Figure 11-21 Spectrum M (top) and Spectrum H (bottom) gloved hand input 
acceleration levels for glove 9 using method 3 ( a ^ , =  10'  ^ m / s ' )
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Table U-21 Gloved hand input acceleration levels for glove 9 using method 3
(a _  = 10'  ^ m /s - )
Individual Gloved Hand Input Acceleration Levels for Glove 9
Method 3
Spectrum M
Frequency Hz Lower Limit dB
Upper Unit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 84.8 86.5 86.1
20 90.0 94.0 92.1 93.7 92.6
25 97.1 101.1 100.4 100.6 100.5
31.5 106.5 108.5 107.6 107.5 107.9
40 109.0 111.0 109.3 110.6 109.8
50 110.8 112.8 111.4 111.7 111.2
63 112.1 114.1 112.6 113.7 113.0
80 113.3 115.3 113.6 114.6 114.1
100 114.1 116.1 114.8 115.1 115.1
125 114.8 116.8 116.0 115.9 116.1
160 115.0 117.0 116.7 115.8 116.6
200 114.4 116.4 116.2 116.2 115.9
250 112.0 116.0 114.0 115.7 114.7
315 109.9 113.9 112.5 113.7 112.8
400 ^ 107.2 111.2 109.4 110.9 109.7
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.6 111.1 110.3
125 114.0 118.0 115.4 116.2 116.2
160 118.4 122.4 119.9 120.0 120.0
200 122.7 124.7 123.5 123.7 123.3
250 125.1 127.1 126.1 126.5 126.6
315 126.9 128.9 128.1 128.3 128.5
400 128.3 130.3 129.7 129.9 129.9
500 129.2 131.2 130.6 130.6 130.6
630 129.9 131.9 131.0 131.1 131.1
800 130.1 132.1 130.6 131.4 131.0
1000 129.6 131.6 129.8 131.1 131.1
1250 127.2 131.2 129.8 129.9 129.9
1600 125.0 129.0 127.7 127.9 127.7
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Figure 11-22 Spectrum M (top) and Spectrum H (bottom) gloved hand input 
acceleration levels for glove 9 using method 4 (a^^ = 10'  ^ m / s ' )
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Table 11-22 Gloved hand input acceleration levels for glove 9 using method 4
(a„, = 10'  ^ m /s - )
142
Individual Gloved Hand Input Acceleration Levels for Glove 9
Method 4
Spectrum M
Frequency Fb Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 85.1 87.8 86.0
20 90.0 94.0 93.3 94.9 93.9
25 97.1 101.1 99.1 99.5 98.3
31.5 106.5 108.5 106.8 106.2 108.1
40 109.0 111.0 108.6 108.7 109.7
50 110.8 112.8 110.2 111.5 112.3
63 112.1 114.1 113.4 114.9 114.0
80 113.3 115.3 115.1 115.1 115.3
100 114.1 116.1 114.8 114.7 114.7
125 114.8 116.8 116.5 116.6 116.4
160 115.0 117.0 117.1 116.7 116.4
200 114.4 116.4 115.3 115.2 115.1
250 112.0 116.0 113.4 113.7 113.5
315 109.9 113.9 112.1 112.7 112.7
400 107.2 111.2 109.3 109.7 109.8
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 112.6 112.7 111.9
125 114.0 118.0 116.8 117.4 116.6
160 118.4 122.4 120.5 120.5 120.3
200 122.7 124.7 124.0 123.9 123.5
250 125.1 127.1 126.3 126.5 126.2
315 126.9 128.9 127.2 127.7 127.4
400 128.3 130.3 128.3 128.4 128.2
500 129.2 131.2 130.5 130.6 130.4
630 129.9 131.9 131.1 131.3 131.1
800 130.1 132.1 130.0 130.5 130.8
1000 129.6 131.6 130.0 130.1 130.9
1250 127.2 131.2 128.4 128.6 128.3
1600 125.0 129.0 126.2 126.3 126.0
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Figure 11-23 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 10 using method 4 (a„f = 10  ^ m / s ' )
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Table U-23 Gloved hand input acceleration levels for glove 10 using method 4
(a „ ,=  lO ’ m /s - )
144
Individual Gloved Hand Input Acceleration Levels for Glove 10
Method 4
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 85.5 87.4 87.1
20 90.0 94.0 92.7 93.8 95.2
25 97.1 101.1 99.3 98.7 102.3
31.5 106.5 108.5 106.9 106.3 111.8
40 109.0 111.0 109.4 109.5 115.5
50 110.8 112.8 111.2 111.8 115.8
63 112.1 114.1 113.6 113.5 114.3
80 113.3 115.3 114.9 114.6 113.8
100 114.1 116.1 114.6 114.4 114.2
125 114.8 116.8 115.7 115.9 116.4
160 115.0 117.0 116.4 116.3 116.5
200 114.4 116.4 115.0 115.1 115.0
250 112.0 116.0 113.8 114.1 113.8
315 109.9 113.9 112.7 113.0 112.8
400 107.2 111.2 109.9 110.0 109.4
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 112.6 112.4 112.1
125 114.0 118.0 116.4 116.7 118.6
160 118.4 122.4 120.2 120.1 122.0
200 122.7 124.7 123.2 123.5 124.5
250 125.1 127.1 125.6 126.1 126.2
315 126.9 128.9 126.9 127.2 126.9
400 128.3 130.3 128.1 128.1 128.2
500 129.2 131.2 130.3 130.3 131.0
630 129.9 131.9 130.5 130.6 131.6
800 130.1 132.1 128.8 129.9 130.0
1000 129.6 131.6 129.1 129.6 129.8
1250 127.2 131.2 130.7 130.5 129.8
1600 125.0 129.0 126.4 126.2 125.7
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F igure 11-24 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 11 using method 4 (a„f = 10'^ m / s ' )
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Table 11-24 Gloved hand input acceleration levels for glove 11 using method 4
(a _  = 10^ m /s - )
Individual Gloved Hand Input Acceleration Levels for Glove 11
Method 4
Spectrum M
Frequency Hz Lower Limit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 86.2 87.3 85.4
20 90.0 94.0 93.9 94.1 93.8
25 97.1 101.1 100.1 98.9 98.2
31.5 106.5 108.5 108.1 105.5 106.5
40 109.0 111.0 110.3 108.5 108.9
50 110.8 112.8 111.6 111.9 112.3
63 112.1 114.1 113.6 114.1 114.5
80 113.3 115.3 115.3 114.9 115.5
100 114.1 116.1 115.1 114.5 114.9
125 114.8 116.8 116.3 116.5 116.5
160 115.0 117.0 116.1 116.5 116.7
200 114.4 116.4 114.9 114.9 114.8
250 112.0 116.0 113.8 113.8 113.6
315 109.9 113.9 112.9 112.9 112.7
400 107.2 111.2 109.8 109.9 109.8
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 113.0 113.3 111.8
125 114.0 118.0 117.2 117.6 116.5
160 118.4 122.4 120.1 120.5 119.8
200 122.7 124.7 123.5 123.5 123.6
250 125.1 127.1 126.4 126.5 126.1
315 126.9 128.9 127.5 127.8 127.5
400 128.3 130.3 128.4 128.9 128.7
500 129.2 131.2 130.6 131.0 130.8
630 129.9 131.9 131.2 131.3 131.2
800 130.1 132.1 129.9 130.7 130.9
1000 129.6 131.6 130.2 130.7 130.8
1250 127.2 131.2 128.5 128.4 128.4
1600 125.0 129.0 126.3 126.2 126.2
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Figure 11-25 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 12 using method 1 (a^f = 10^ m / s’ )
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Table 11-25 Gloved hand input acceleration levels for glove 12 using method
(a„, = 10'^ m / s ’ )
148
Individual Gloved Hand Input Acceleration Levels for Glove 12
Method 1
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 76.9 78.2 77.1
20 90.0 94.0 84.1 85.4 83.3
25 97.1 101.1 88.8 90.6 91.6
31.5 106.5 108.5 96.2 99.3 103.5
40 109.0 111.0 98.9 105.1 108.4
50 110.8 112.8 103.6 107.8 109.8
63 112.1 114.1 109.1 109.0 110.0
80 113.3 115.3 112.0 111.8 111.8
100 114.1 116.1 113.1 113.6 113.3
125 114.8 116.8 113.5 114.3 114.1
160 115.0 117.0 113.8 114.5 114.4
200 114.4 116.4 114.1 114.4 114.2
250 112.0 116.0 113.2 113.6 113.3
315 109.9 113.9 111.9 112.3 112.0
400 107.2 111.2 109.0 109.2 108.8
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.8 110.9 110.4
125 114.0 118.0 114.4 114.5 114.4
160 118.4 122.4 118.9 119.1 119.5
200 122.7 124.7 121.8 121.8 122.5
250 125.1 127.1 124.5 124.7 125.0
315 126.9 128.9 126.1 126.5 126.4
400 128.3 130.3 127.8 128.3 128.2
500 129.2 131.2 129.0 129.2 129.2
630 129.9 131.9 130.3 130.6 130.6
800 130.1 132.1 125.9 126.9 127.2
1000 129.6 131.6 125.3 125.6 127.0
1250 127.2 131.2 128.6 128.4 128.8
1600 125.0 129.0 126.1 126.3 126.2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
149
cû■c
105
100
en
0
>
0_i
c0
20
1
120
115
110
95
90
85
80
1— r
Spectrum-M
Frequency vs Lower Limit 
V Frequency vs Upper Limit
—  Frequency vs Subject 1
— ■ Frequency vs Subject 2 
  Frequency vs Subject 3
16 20 25 31.5 40 50 63 80 100 125 160 200 250 315 400
Third Octave Center Frequency (Hz)
GQ■o
125
co
20
0o
<
135
130
120
115
110
105
1 T
Spectrum-H
Frequency vs Lower Limit 
Frequency vs Upper Limit 
Frequency H vs Subject 1 
Frequency H vs Subject 2 
Frequency H vs Subject 3
100 125 160 200 250 315 400 500 630 800 1000 1250 1600
Third Octave Center Frequency (Hz)
Figure 11-26 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 12 using method 2 (a„f = 10'^ m / s")
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Table 11-26 Gloved hand input acceleration levels for glove 12 using method 2
(a„, = 10'^ m /s - )
Individual Gloved Hand Input Acceleration Levels for Glove 12
Method 2
Spectrum M
Frequency Hz Lover Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.4 84.1 83.2
20 90.0 94.0 91.5 92.4 91.4
25 97.1 101.1 97.6 99.0 97.7
31.5 106.5 108.5 103.2 103.3 104.5
40 109.0 111.0 104.1 105.8 109.2
50 110.8 112.8 108.8 110.5 113.1
63 112.1 114.1 113.0 111.8 113.3
80 113.3 115.3 114.4 113.0 113.5
100 114.1 116.1 114.7 114.5 114.7
125 114.8 116.8 115.2 115.5 115.5
160 115.0 117.0 115.0 115.6 115.9
200 114.4 116.4 114.4 114.6 114.8
250 112.0 116.0 112.9 113.4 112.8
315 109.9 113.9 111.2 111.8 111.2
400 107.2 111.2 108.6 109.0 108.5
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.4 111.2 110.8
125 114.0 118.0 115.3 114.9 114.7
160 118.4 122.4 120.2 120.1 120.3
200 122.7 124.7 123.0 123.6 123.4
250 125.1 127.1 125.9 126.5 126.0
315 126.9 128.9 127.9 128.4 128.0
400 128.3 130.3 129.4 129.8 129.6
500 129.2 131.2 130.2 130.4 130.2
630 129.9 131.9 131.0 131.2 131.1
800 130.1 132.1 130.2 130.7 130.9
1000 129.6 131.6 132.4 132.6 132.7
1250 127.2 131.2 130.0 130.0 130.0
1600 125.0 129.0 127.7 127.8 127.7
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Figure 11-27 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 12 using method 3 (a„^ = 10  ^ m /s " )
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Table II-27 Gloved hand input acceleration levels for glove 12 using method 3
(a„. = 10 m /S-)
Individual Gloved Hand Input Acceleration Levels for Glove 12
Method 3
Spectrum M
Frequency Fb
Lower Limit 
dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 85.3 85.7 85.5
20 90.0 94.0 92.1 92.1 92.2
25 97.1 101.1 98.6 99.5 99.7
31.5 106.5 108.5 107.4 107.4 107.7
40 109.0 111.0 109.6 111.0 110.5
50 110.8 112.8 111.4 112.1 111.5
63 112.1 114.1 113.3 113.0 113.3
80 113.3 115.3 114.0 114.0 114.4
100 114.1 116.1 114.7 115.1 115.6
125 114.8 116.8 115.4 115.6 115.9
160 115.0 117.0 115.6 115.2 115.8
200 114.4 116.4 115.2 115.1 115.5
250 112.0 116.0 113.7 114.7 114.3
315 109.9 113.9 112.3 113.1 112.6
400 107.2 111.2 109.5 110.3 109.7
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.3 110.7 110.1
125 114.0 118.0 115.5 115.7 115.3
160 118.4 122.4 119.1 119.9 120.0
200 122.7 124.7 123.0 123.8 123.7
250 125.1 127.1 126.1 126.8 126.4
315 126.9 128.9 127.9 128.5 128.2
400 128.3 130.3 129.4 129.7 129.9
500 129.2 131.2 130.3 130.6 130.7
630 129.9 131.9 130.8 131.5 131.4
800 130.1 132.1 130.0 131.7 131.0
1000 129.6 131.6 129.0 130.4 130.3
1250 127.2 131.2 130.2 131.0 130.9
1600 125.0 129.0 127.7 128.0 127.9
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Figure 11-28 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 12 using method 4 (a„f = 10'^ m / s ')
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Table 11-28 Gloved hand input acceleration levels for glove 12 using method 4
(a„ , = 10'^ m /s ')
Individual Gloved Hand Input Acceleration Levels for Glove 12
Method 4
Spectrum M
Frequency Hz Lower Lirrit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.4 85.5 84.2
20 90.0 94.0 92.1 95.5 94.5
25 97.1 101.1 99.7 101.8 100.4
31.5 106.5 108.5 107.3 108.6 107.5
40 109.0 111.0 108.2 111.1 109.1
50 110.8 112.8 109.7 113.8 111.3
63 112.1 114.1 112.3 114.1 112.7
80 113.3 115.3 113.6 114.1 113.1
100 114.1 116.1 114.6 114.7 114.2
125 114.8 116.8 115.0 115.4 114.8
160 115.0 117.0 114.9 115.6 115.8
200 114.4 116.4 114.7 115.0 115.0
250 112.0 116.0 114.0 114.4 113.7
315 109.9 113.9 111.2 111.6 112.5
400 107.2 111.2 107.3 107.3 103.3
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 110.1 109.5 110.1
125 114.0 118.0 115.3 115.1 114.6
160 118.4 122.4 119.9 119.6 119.3
200 122.7 124.7 123.6 123.0 122.4
250 125.1 127.1 126.1 125.9 124.9
315 126.9 128.9 127.7 127.1 127.2
400 128.3 130.3 129.9 129.7 129.9
500 129.2 131.2 130.0 129.9 130.0
630 129.9 131.9 130.2 131.0 130.5
800 130.1 132.1 130.5 130.6 130.6
1000 129.6 131.6 131.1 129.5 131.5
1250 127.2 131.2 130.3 129.8 130.5
1600 125.0 129.0 125.0 125.2 124.6
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Figure 11-29 Spectrum M (top) and Spectrum H (bottom) bare hand input acceleration 
levels for glove 13 using method 4 (a„f = 10'^ m / s ')
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Table 11-29 Bare hand input acceleration levels for glove 13 using method 4
(a„, = 10'^ m / s ’)
Individual Bare Hand input Acceleration Levels for Glove 13
Method 4
Spectrum M
Frequency f-fe Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 83.8 85.6 86.8
20 900 94.0 91.3 92.0 93.0
25 97.1 101.1 99.9 99.9 100.6
31.5 106.5 108.5 107.0 106.3 108.0
40 109.0 111.0 110.6 109.9 111.2
50 110.8 112.8 112.5 111.4 112.1
63 112.1 114.1 113.6 112.7 113.9
80 113.3 115.3 114.4 113.2 114.1
100 114.1 116.1 114.2 113.9 114.4
125 114.8 116.8 115.7 116.1 114.3
160 115.0 117.0 116.4 116.8 115.2
200 114.4 116.4 115.3 115.7 115.6
250 112.0 116.0 113.5 113.8 114.2
315 109.9 113.9 111.9 112.3 112.5
400 107.2 111.2 108.6 108.5 108.6
Spectrum H
Frequency Hz Lower Lirrit dB
Upper Lirrit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 111.9 112.2 113.6
125 114.0 118.0 117.4 117.6 117.3
160 118.4 122.4 120.5 120.8 120.5
200 122.7 124.7 123.2 123.6 123.2
250 125.1 127.1 125.6 126.1 125.3
315 126.9 128.9 127.4 128.1 127.5
400 128.3 130.3 128.8 129.6 129.1
500 129.2 131.2 130.0 130.8 130.4
630 129.9 131.9 130.0 130.8 130.0
800 130.1 132.1 129.4 131.1 130.4
1000 129.6 131.6 129.4 130.6 130.0
1250 127.2 131.2 128.4 130.3 128.6
1600 125.0 129.0 127.0 129.7 127.1
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Figure 11-30 Spectrum M (top) and Spectrum H (bottom) gloved hand input acceleration 
levels for glove 13 using method 4 (a^f = IC ’ m / s ‘ )
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Table 11-30 Gloved hand input acceleration levels for glove 13 using method 4
(a„, = iO ' ^m/ s - )
158
Individual Gloved Hand Input Acceleration Levels for Glove 13
Method 4
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
16 83.1 87.1 85.2 85.7 86.6
20 90.0 94.0 92.9 93.0 94.6
25 97.1 101.1 100.7 100.4 101.0
31.5 106.5 108.5 107.8 108.4 107.1
40 109.0 111.0 110.7 110.9 109.3
50 110.8 112.8 112.5 112.0 111.4
63 112.1 114.1 114.2 113.9 113.8
80 113.3 115.3 114.7 114.3 115.6
100 114.1 116.1 114.1 114.8 116.1
125 114.8 116.8 115.5 115.9 116.3
160 115.0 117.0 116.7 117.0 117.2
200 114.4 116.4 115.5 116.1 116.5
250 112.0 116.0 113.5 113.9 114.0
315 109.9 113.9 112.0 112.4 112.5
400 107.2 111.2 108.4 108.6 108.5
Spectrum H
Frequency Hz Lower Limit dB
Upper Unit 
dB
Subject 1 
dB
Subject 2 
dB
Subject 3 
dB
100 109.5 113.5 112.2 112.4 112.1
125 114.0 118.0 117.4 117.4 116.7
160 118.4 122.4 120.7 120.8 120.2
200 122.7 124.7 123.3 123.5 122.8
250 125.1 127.1 125.6 126.1 125.2
315 126.9 128.9 127.5 127.9 127.5
400 128.3 130.3 128.7 129.3 129.0
500 129.2 131.2 130.1 130.8 130.4
630 129.9 131.9 130.6 131.1 131.0
800 130.1 132.1 130.5 131.9 131.6
1000 129.6 131.6 129.9 130.7 130.5
1250 127.2 131.2 128.4 128.8 128.6
1600 125.0 129.0 126.8 127.2 127.2
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Table III-l Average bare hand input acceleration levels for gloves 1, 9 and 12 using
method 1 (a„f = lO'  ^ m / s " )
Average Bare Hand Input Acceleration Levels for Gloves 1, 9 and 12
Method 1
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 77.9 0.8 -5.2
20 90.0 94.0 84.8 1.0 -5.2
25 97.1 101.1 90.4 0.9 -6.7
31.5 106.5 108.5 98.9 1.8 -7.6
40 109.0 111.0 104.0 2.7 -5.1
50 110.8 112.8 106.7 1.9 -4.1
63 112.1 114.1 108.7 1.0 -3.5
80 113.3 115.3 111.7 0.6 -1.5
100 114.1 116.1 113.9 0.5 -0.3
125 114.8 116.8 114.5 0.4 -0.2
160 115.0 117.0 114.9 0.2 -0.1
200 114.4 116.4 114.5 0.2 -
250 112.0 116.0 113.1 0.2 -
315 109.9 113.9 111.8 0.2 -
400 107.2 111.2 108.8 0.2 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 111.6 0.5 -
125 114.0 118.0 115.2 0.2 -
160 118.4 122.4 119.5 0.3 -
200 122.7 124.7 122.6 0.3 -
250 125.1 127.1 124.8 0.3 -0.3
315 126.9 128.9 126.2 0.3 -0.7
400 128.3 130.3 128.0 0.2 -0.2
500 129.2 131.2 129.3 0.2 -
630 129.9 131.9 130.7 0.2 -
800 130.1 132.1 127.7 0.3 -2.4
1000 129.6 131.6 125.9 0.3 -3.6
1250 127.2 131.2 127.8 0.4 -
1600 125.0 129.0 125.7 0.3 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet
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Table III-2 Average gloved hand input acceleration levels for glove 1 using method 1
(a„f = lO’^ m / s ' )
Average Gloved Hand Input Acceleration Levels for Glove 1 
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 78.0 1.2 -5.1
20 90.0 94.0 84.3 0.9 -5.8
25 97.1 101.1 89.5 1.1 -7.6
31.5 106.5 108.5 99.5 2.8 -6.9
40 109.0 111.0 104.9 3.6 -4.2
50 110.8 112.8 107.4 2.2 -3.4
63 112.1 114.1 110.2 0.6 -1.9
80 113.3 115.3 112.5 0.3 -0.8
100 114.1 116.1 113.9 0.2 -0.2
125 114.8 116.8 114.5 0.2 -0.3
160 115.0 117.0 115.0 0.4 -
200 114.4 116.4 115.0 0.2 -
250 112.0 116.0 113.6 0.2 -
315 109.9 113.9 112.3 0.2 -
400 107.2 111.2 109.2 0.2 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 111.6 0.3 -
125 114.0 118.0 114.8 0.4 -
160 118.4 122.4 119.4 0.3 -
200 122.7 124.7 122.9 0.1 -
250 125.1 127.1 125.3 0.1 -
315 126.9 128.9 126.7 0.2 -0.2
400 128.3 130.3 128.3 0.2 -
500 129.2 131.2 129.5 0.1 -
630 129.9 131.9 130.6 0.1 -
800 130.1 132.1 128.1 0.4 -2.0
1000 129.6 131.6 128.4 0.4 -1.1
1250 127.2 131.2 128.7 0.1 -
1600 125.0 129.0 126.1 0.1 -
Note: Slight discrepancies in calculafons are due to internal rounding in the spreadsheet
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Table III-3 Average gloved hand input acceleration levels for glove 9 using method 1
(a„,. = 1 0 ' m / s - )
Average Gloved Hand Input Acceleration Levels for Glove 9
Method 1
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 78.0 1.0 -5.1
20 90.0 94.0 84.7 0.9 -5.3
25 97.1 101.1 89.8 0.7 -7.3
31.5 106.5 108.5 98.8 1.5 -7.6
40 109.0 111.0 104.6 2.7 -4.5
50 110.8 112.8 107.4 1.4 -3.4
63 112.1 114.1 110.2 0.3 -2.0
80 113.3 115.3 112.5 0.3 -0.8
100 114.1 116.1 113.7 0.4 -0.4
125 114.8 116.8 114.8 0.5 -
160 115.0 117.0 115.1 0.4 -
200 114.4 116.4 115.0 0.3 -
250 112.0 116.0 113.7 0.3 -
315 109.9 113.9 112.3 0.1 -
400 107.2 111.2 109.2 0.1 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Umit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 111.3 0.3 -
125 114.0 118.0 115.1 0.4 -
160 118.4 122.4 119.8 0.4 -
200 122.7 124.7 122.9 0.2 -
250 125.1 127.1 125.4 0.2 -
315 126.9 128.9 126.7 0.2 -0.3
400 128.3 130.3 128.4 0.1 -
500 129.2 131.2 129.5 0.2 -
630 129.9 131.9 130.6 0.2 -
800 130.1 132.1 128.3 0.7 -1.8
1000 129.6 131.6 128.5 0.8 -1.0
1250 127.2 131.2 128.7 0.1 -
1600 125.0 129.0 126.2 0.2 -
Note; Slight discrepancies in calculations are due to internal rounding in the spreadsheet
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Table HI-4 Average gloved hand input acceleration levels for glove 12 using method 1
(a _  = 10 '  m / s ' )
Average Gloved Hand Input Acceleration Levels for Glove 12
Method 1
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 77.4 0.6 -5.7
20 90.0 94.0 84.4 0.9 -5.7
25 97.1 101.1 90.5 1.3 -6.6
31.5 106.5 108.5 100.7 3.0 -5.8
40 109.0 111.0 105.6 4.0 -3.4
50 110.8 112.8 107.7 2.7 -3.0
63 112.1 114.1 109.4 0.6 -2.8
80 113.3 115.3 111.8 0.3 -1.4
100 114.1 116.1 113.3 0.2 -0.8
125 114.8 116.8 113.9 0.4 -0.8
160 115.0 117.0 114.2 0.3 -0.8
200 114.4 116.4 114.2 0.2 -0.2
250 112.0 116.0 113.3 0.2 -
315 109.9 113.9 112.1 0.2 -
400 107.2 111.2 109.0 0.2 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 110.7 0.3 -
125 114.0 118.0 114.4 0.2 -
160 118.4 122.4 119.2 0.3 -
200 122.7 124.7 122.0 0.4 -0.6
250 125.1 127.1 124.7 0.2 -0.4
315 126.9 128.9 126.3 0.2 -0.6
400 128.3 130.3 128.1 0.2 -0.2
500 129.2 131.2 129.1 0.1 -0.1
630 129.9 131.9 130.5 0.1 -
800 130.1 132.1 126.7 0.6 -3.4
1000 129.6 131.6 126.0 0.7 -3.5
1250 127.2 131.2 128.6 0.2 -
1600 125.0 129.0 126.2 0.1 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet
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Table H I-5 Average bare hand input acceleration levels for gloves 1, 9 and 12 using
m ethod2 (a„f = 10'' m / s ' )
Average Bare Hand Input Acceleration Levels for Gloves 1, 9 and 12
Method 2
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
input Level 
dB
Standard 
Deviation dB
Out of Fîange 
dB
16 83.1 87.1 84.6 0.5 -
20 90.0 94.0 93.3 0.5 -
25 97.1 101.1 101.4 1.2 0.3
31.5 106.5 108.5 109.6 2.6 1.1
40 109.0 111.0 111.6 2.6 0.6
50 110.8 112.8 112.3 1.6 -
63 112.1 114.1 113.4 0.9 -
80 113.3 115.3 114.7 0.8 -
100 114.1 116.1 115.5 0.4 -
125 114.8 116.8 115.6 0.2 -
160 115.0 117.0 115.6 0.2 -
200 114.4 116.4 115.1 0.1 -
250 112.0 116.0 113.5 0.1 -
315 109.9 113.9 112.2 0.1 -
400 107.2 111.2 109.1 0.2 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 111.2 0.5 -
125 114.0 118.0 114.8 0.3 -
160 118.4 122.4 120.0 0.2 -
200 122.7 124.7 122.8 0.2 -
250 125.1 127.1 125.4 0.1 -
315 126.9 128.9 127.6 0.1 -
400 128.3 130.3 129.3 0.1 -
500 129.2 131.2 130.4 0.1 -
630 129.9 131.9 131.5 0.1 -
800 130.1 132.1 130.5 0.3 -
1000 129.6 131.6 131.9 0.2 0.3
1250 127.2 131.2 130.3 0.1 -
1600 125.0 129.0 127.2 0.1 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet
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Table III-6  Average gloved hand input acceleration levels for glove 1 using method 2
(a _  = 1 0 ' m / s ' )
Average Gloved Hand Input Acceleration Levels for Glove 1
Method 2
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 83.3 0.9 -
20 90.0 94.0 91.8 0.8 -
25 97.1 101.1 99.6 1.2 -
31.5 106.5 108.5 107.1 2.1 -
40 109.0 111.0 109.8 3.0 -
50 110.8 112.8 111.5 1.9 -
63 112.1 114.1 113.0 0.6 -
80 113.3 115.3 113.9 0.3 -
100 114.1 116.1 114.7 0.3 -
125 114.8 116.8 115.4 0.4 -
160 115.0 117.0 115.8 0.3 -
200 114.4 116.4 115.2 0.2 -
250 112.0 116.0 113.4 0.1 -
315 109.9 113.9 111.5 0.2 -
400 1 107.2 111.2 108.8 0.2 -
Spectrum H
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 111.5 0.3 -
125 114.0 118.0 115.5 0.2 -
160 118.4 122.4 120.7 0.2 -
200 122.7 124.7 123.3 0.2 -
250 125.1 127.1 125.9 0.1 -
315 126.9 128.9 127.5 0.2 -
400 128.3 130.3 128.7 0.1 -
500 129.2 131.2 129.7 0.1 -
630 129.9 131.9 131.0 0.1 -
800 130.1 132.1 130.5 0.6 -
1000 129.6 131.6 131.1 0.6 -
1250 127.2 131.2 127.6 0.0 -
1600 125.0 129.0 126.5 0.0 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet
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Table III-7 Average gloved hand input acceleration levels for glove 9 using method 2
l O ' m / s ' )-
Average Gloved Hand Input Acceleration Levels for Glove 9
Method 2
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 84.1 0.7 -
20 90.0 94.0 92.5 0.9 -
25 97.1 101.1 99.8 0.5 -
31.5 106.5 108.5 107.0 0.6 -
40 109.0 111.0 110.0 1.6 -
50 110.8 112.8 111.9 0.9 -
63 112.1 114.1 113.3 0.3 -
80 113.3 115.3 114.2 0.3 -
100 114.1 116.1 114.4 0.1 -
125 114.8 116.8 115.4 0.4 -
160 115.0 117.0 115.7 0.5 -
200 114.4 116.4 114.9 0.3 -
250 112.0 116.0 113.2 0.2 -
315 109.9 113.9 111.3 0.2 -
400 107.2 111.2 108.6 0.1 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 111.4 0.1 -
125 114.0 118.0 115.6 0.3 -
160 118.4 122.4 120.4 0.2 -
200 122.7 124.7 123.2 0.1 -
250 125.1 127.1 125.7 0.2 -
315 126.9 128.9 127.3 0.2 -
400 128.3 130.3 128.4 0.1 -
500 129.2 131.2 129.5 0.1 -
630 129.9 131.9 130.9 0.1 -
800 130.1 132.1 130.4 0.4 -
1000 129.6 131.6 130.6 0.5 -
1250 127.2 131.2 127.3 0.1 -
1600 125.0 129.0 126.4 0.0 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet
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Table
(a
l  III-8 Average gloved hand input acceleration levels for glove 12 using method :
= 10’ m / s ' )
Average Gloved Hand Input Acceleration Levels for Glove 12
Method 2
Spectrum M
Frequency Hz
Lower Limit 
dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 83.6 0.6 -
20 90.0 94.0 91.8 0.8 -
25 97.1 101.1 98.1 0.7 -
31.5 106.5 108.5 103.7 0.6 -2.8
40 109.0 111.0 106.9 2.2 -2.2
50 110.8 112.8 111.1 1.9 -
63 112.1 114.1 112.7 0.8 -
80 113.3 115.3 113.7 0.7 -
100 114.1 116.1 114.6 0.3 -
125 114.8 116.8 115.4 0.3 -
160 115.0 117.0 115.5 0.4 -
200 114.4 116.4 114.6 0.3 -
250 112.0 116.0 113.0 0.3 -
315 109.9 113.9 111.4 0.3 -
400 107.2 111.2 108.7 0.2 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 111.1 0.2 -
125 114.0 118.0 114.9 0.3 -
160 118.4 122.4 120.2 0.1 -
200 122.7 124.7 123.3 0.3 -
250 125.1 127.1 126.1 0.3 -
315 126.9 128.9 128.1 0.2 -
400 128.3 130.3 129.6 0.1 -
500 129.2 131.2 130.3 0.1 -
630 129.9 131.9 131.1 0.1 -
800 130.1 132.1 130.6 0.3 -
1000 129.6 131.6 132.5 0.1 1.0
1250 127.2 131.2 130.0 0.1 -
1600 125.0 129.0 127.7 0.1 -
Note; Slight discrepancies in calculations are due to internal rounding in the spreadsheet
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Table III-9 Average bare hand input acceleration levels for gloves 1, 9 and 12 using
method 3 (a_. = 10'' m / s ' )
Average Bare Hand Input Acceleration Levels for Gloves 1,9 and 12
Method 3
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Le\Æl 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 85.5 1.1 -
20 90.0 94.0 92.9 0.6 -
25 97.1 101.1 100.1 0.7 -
31.5 106.5 108.5 107.7 0.5 -
40 109.0 111.0 110.2 0.5 -
50 110.8 112.8 111.9 0.4 -
63 112.1 114.1 113.0 0.2 -
80 113.3 115.3 114.4 0.5 -
100 114.1 116.1 115.2 0.3 -
125 114.8 116.8 115.8 0.4 -
160 115.0 117.0 116.0 0.3 -
200 114.4 116.4 115.3 0.3 -
250 112.0 116.0 113.8 0.4 -
315 109.9 113.9 112.1 0.1 -
400 107.2 111.2 109.8 0.3 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Le\el 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 110.7 0.5 -
125 114.0 118.0 115.6 0.3 -
160 118.4 122.4 119.6 0.3 -
200 122.7 124.7 123.2 0.2 -
250 125.1 127.1 125.9 0.2 -
315 126.9 128.9 127.7 0.2 -
400 128.3 130.3 129.3 0.2 -
500 129.2 131.2 130.3 0.2 -
630 129.9 131.9 131.0 0.2 -
800 130.1 132.1 131.6 0.4 -
1000 129.6 131.6 129.7 0.4 -
1250 127.2 131.2 129.5 0.2 -
1600 125.0 129.0 127.1 0.2 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet.
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Table HI-10 Average gloved hand input acceleration levels for glove 1 using method 3
(a„f = l O ' m / s ' )
Average Gloved Hand Input Acceleration Levels for Glove 1
Method 3
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Le\el 
dB
Standard 
Delation dB
Out of Range 
dB
16 83.1 87.1 85.5 0.7 -
20 90.0 94.0 92.0 0.6 -
25 97.1 101.1 99.2 0.4 -
31.5 106.5 108.5 107.2 0.4 -
40 109.0 111.0 110.2 0.4 -
50 110.8 112.8 111.6 0.5 -
63 112.1 114.1 113.6 0.3 -
80 113.3 115.3 114.5 0.2 -
100 114.1 116.1 115.3 0.3 -
125 114.8 116.8 115.8 0.3 -
160 115.0 117.0 116.2 0.4 -
200 114.4 116.4 115.7 0.2 -
250 112.0 116.0 1146 0.5 -
315 109.9 113.9 112.8 0.3 -
400 107.2 111.2 109.9 0.3 -
Spectrum H
Frequency Hz Lower Limit 
dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 110.6 0.4 -
125 114.0 118.0 115.5 0.2 -
160 118.4 122.4 119.9 0.1 -
200 122.7 124.7 123.7 0.0 -
250 125.1 127.1 126.4 0.1 -
315 126.9 128.9 128.2 0.2 -
400 128.3 130.3 129.8 0.2 -
500 129.2 131.2 130.6 0.2 -
630 129.9 131.9 131.0 0.1 -
800 130.1 132.1 130.9 0.2 -
1000 129.6 131.6 130.9 0.4 -
1250 127.2 131.2 129.8 0.2 -
1600 125.0 129.0 127.6 0.1 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet.
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Table I I I -11 Average gloved hand input acceleration levels for glove 9 using method 3
(a . = 10^ m / s ' )
Average Gloved Hand Input Acceleration Levels for Glove 9
Method 3
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
16 83.1 87.1 85.8 0.7 -
20 90.0 94.0 92.8 0.7 -
25 97.1 101.1 100.5 0.2 -
31.5 106.5 108.5 107.7 0.6 -
40 109.0 111.0 109.9 0.6 -
50 110.8 112.8 111.4 0.2 -
63 112.1 114.1 113.1 0.5 -
80 113.3 115.3 114.1 0.4 -
100 114.1 116.1 115.0 0.3 -
125 114.8 116.8 116.0 0.3 -
160 115.0 117.0 116.4 0.4 -
200 114.4 116.4 116.1 0.2 -
250 112.0 116.0 114.8 0.7 -
315 109.9 113.9 113.0 0.5 -
400 107.2 111.2 110.0 0.7 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Deviation dB
Out of Range 
dB
100 109.5 113.5 110.7 0.4 -
125 114.0 118.0 115.9 0.4 -
160 118.4 122.4 120.0 0.1 -
200 122.7 124.7 123.5 0.2 -
250 125.1 127.1 126.4 0.2 -
315 126.9 128.9 128.3 0.1 -
400 128.3 130.3 129.8 0.1 -
500 129.2 131.2 130.6 0.1 -
630 129.9 131.9 131.0 0.1 -
800 130.1 132.1 131.0 0.4 -
1000 129.6 131.6 130.7 0.6 -
1250 127.2 131.2 129.8 0.1 -
1600 125.0 129.0 127.7 0.1 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet.
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Table III-12 Average gloved hand input acceleration levels for glove 12 using method 3
(a  . = 10 '  m / s ' )
Average Gloved Hand Input Acceleration Levels for Glove 12
Method 3
Spectrum M
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Delation dB
Out of Range 
dB
16 83.1 87.1 85.5 0.9 -
20 90.0 94.0 92.1 0.9 -
25 97.1 101.1 99.3 0.8 -
31.5 106.5 108.5 107.5 0.5 -
40 109.0 111.0 110.4 0.7 -
50 110.8 112.8 111.7 0.5 -
63 112.1 114.1 113.2 0.3 -
80 113.3 115.3 114.1 0.4 -
100 114.1 116.1 115.2 0.6 -
125 114.8 116.8 115.6 0.4 -
160 115.0 117.0 115.5 0.3 -
200 114.4 116.4 115.3 0.3 -
250 112.0 116.0 114.2 0.5 -
315 109.9 113.9 112.7 0.4 -
400 107.2 111.2 109.8 0.4 -
Spectrum H
Frequency Hz Lower Limit dB
Upper Limit 
dB
Input Level 
dB
Standard 
Delation dB
Out of Range 
dB
100 109.5 113.5 110.4 0.3 -
125 114.0 118.0 115.5 0.2 -
160 118.4 122.4 119.7 0.4 -
200 122.7 124.7 123.5 0.4 -
250 125.1 127.1 126.4 0.3 -
315 126.9 128.9 128.2 0.2 -
400 128.3 130.3 129.6 0.2 -
500 129.2 131.2 130.5 0.2 -
630 129.9 131.9 131.2 0.3 -
800 130.1 132.1 130.9 0.7 -
1000 129.6 131.6 129.9 0.7 -
1250 127.2 131.2 130.7 0.4 -
1600 125.0 129.0 127.9 0.2 -
Note: Slight discrepancies in calculations are due to internal rounding in the spreadsheet.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX IV
METHOD I INPUT ACCELERATION LEVEL DROPS FOR GLOVES L 9 AND 12
172
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
173
Table IV-1 Bare hand input acceleration level drops for gloves 1, 9 and 12 using
method 1 (a_f = lO '  m / s ' )
Bare Hand Input Acceleration Level Drops for Gloves 1, 9 and 12
Method 1
Spectrum M
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
16 84.4 77.9 -7.2 -5.5 -7.0 -6.5 0.7
20 92.9 84.8 -8.9 -7.0 -8.5 -8.0 0.8
25 99.2 90.4 -10.1 -8.4 -8.2 -8.8 0.8
31.5 107.3 98.9 -10.5 -9.5 -6.5 -8.5 1.7
40 110.5 104.0 -10.0 -8.3 -3.8 -6.5 2.6
50 111.4 106.7 -6.9 -6.1 -2.6 -4.8 1.9
63 112.9 108.7 -5.3 -4.6 -3.1 -4.2 0.9
80 114.2 111.7 -2.8 -2.8 -1.8 -2.5 0.5
100 115.4 113.9 -2.0 -1.6 -1.0 -1.5 0.4
125 115.9 114.5 -1.7 -0.9 -1.5 -1.3 0.3
160 116.2 114.9 -1.4 -1.1 -1.5 -1.3 0.2
200 115.6 114.5 -0.9 -0.9 -1.4 -1.1 0.2
250 114.5 113.1 -1.2 -1.4 -1.7 -1.4 0.2
315 112.9 111.8 -1.0 -1.1 -1.5 -1.2 0.2
400 109.7 108.8 -0.7 -0.8 -1.2 -0.9 0.2
Spectrum H
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
100 112.2 111.6 -0.6 -1.1 0.0 -0.5 0.4
125 115.8 115.2 -0.5 -0.6 -0.7 -0.6 0.1
160 120.3 119.5 -0.7 -0.5 -1.2 -0.8 0.3
200 123.4 122.6 -0.5 -0.6 -1.2 -0.7 0.3
250 125.7 124.8 -0.6 -0.7 -1.2 -0.8 0.3
315 127.0 126.2 -0.5 -0.7 -1.1 -0.8 0.3
400 128.6 128.0 -0.3 -0.5 -0.8 -0.5 0.2
500 129.7 129.3 -0.2 -0.4 -0.8 -0.5 0.2
630 131.1 130.7 -0.1 -0.3 -0.5 -0.3 0.2
800 131.1 127.7 -3.7 -3.2 -3.5 -3.5 0.2
1000 130.8 125.9 -4.6 -4.9 -5.1 -4.9 0.2
1250 128.6 127.8 -0.3 -1.0 -1.1 -0.8 0.3
1600 126.1 125.7 0.0 -0.6 -0.6 -0.4 0.3
Notes: The average drops are calculated as the difference between the unloaded input and 
the loaded input. Slight discrepancies in calculations are due to internal spreadsheet rounding.
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Table IV-2 Gloved hand input acceleration level drops for glove 1 using method 1
(a„, = 1 0 ' m / s ' )
Gloved Hand Input Acceleration Level Drops for Glove 1
Method 1
Spectrum M
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
16 84.4 78.0 -5.7 -5.9 -7.8 -6.3 0.7
20 92.9 84.3 -9.1 -7.5 -9.6 -8.6 0.8
25 99.2 89.5 -11.4 -9.2 -8.9 -9.7 0.8
31.5 107.3 99.5 -11.7 -9.2 -5.1 -7.8 1.7
40 110.5 104.9 -11.6 -6.4 -2.8 -5.6 2.6
50 111.4 107.4 -7.3 -4.3 -2.0 -4.0 1.9
63 112.9 110.2 -2.7 -3.1 -2.2 -2.6 0.9
80 114.2 112.5 -1.5 -1.9 -1.7 -1.7 0.5
100 115.4 113.9 -1.5 -1.7 -1.3 -1.5 0.4
125 115.9 114.5 -1.5 -1.2 -1.5 -1.4 0.3
160 116.2 115.0 -1.5 -0.8 -1.3 -1.2 0.2
200 115.6 115.0 -0.8 -0.6 -0.5 -0.6 0.2
250 114.5 113.6 -1.1 -0.8 -0.8 -0.9 0.2
315 112.9 112.3 -0.8 -0.5 -0.6 -0.7 0.2
400 109.7 109.2 -0.4 -0.3 -0.7 -0.5 0.2
Spectrum H
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
100 112.2 111.6 -0.3 -0.6 -0.9 -0.6 0.2
125 115.8 114.8 -0.8 -0.6 -1.6 -1.0 0.4
160 120.3 119.4 -0.8 -0.6 -1.3 -0.9 0.3
200 123.4 122.9 -0.6 -0.4 -0.5 -0.5 0.1
250 125.7 125.3 -0.3 -0.3 -0.4 -0.4 0.0
315 127.0 126.7 -0.5 -0.1 -0.3 -0.3 0.2
400 128.6 128.3 -0.4 -0.1 -0.3 -0.2 0.1
500 129.7 129.5 -0.3 -0.1 -0.4 -0.3 0.1
630 131.1 130.6 -0.5 -0.4 -0.5 -0.5 0.1
800 131.1 128.1 -3.6 -2.9 -2.7 -3.1 0.4
1000 130.8 128.4 -2.8 -2.4 -2.0 -2.4 0.3
1250 128.6 128.7 0.2 0.1 0.0 0.1 0.0
1600 126.1 126.1 0.1 0.1 0.0 0.0 0.0
Notes: The average drops are calculated as the difference between the unloaded input and 
the loaded input Slight discrepancies in calculations are due to internal spreadsheet rounding.
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Table IV-3 Gloved hand input acceleration level drops for glove 9 using method 1
(a„,-= 1 0 ' m / s ' )
Gloved Hand Input Acceleration Level Drops for Glove 9
Method 1
Spectrum M
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
16 84.4 78.0 -7.6 -5.1 -6.8 -6.4 1.0
20 92.9 84.7 -8.8 -7.2 -8.6 -8.2 0.7
25 99.2 89.8 -10.3 -8.8 -9.5 -9.5 0.6
31.5 107.3 98.8 -10.5 -8.9 -6.8 -8.5 1.5
40 110.5 104.6 -10.0 -6.7 -3.5 -5.9 2.7
50 111.4 107.4 -5.8 -4.6 -2.5 -4.1 1.4
63 112.9 110.2 -3.1 -2.4 -2.6 -2.7 0.3
80 114.2 112.5 -2.1 -1.6 -1.6 -1.7 0.2
100 115.4 113.7 -2.0 -1.2 -1.8 -1.6 0.4
125 115.9 114.8 -1.8 -0.5 -1.2 -1.1 0.5
160 116.2 115.1 -1.6 -0.7 -0.9 -1.0 0.4
200 115.6 115.0 -0.6 -0.3 -0.9 -0.6 0.2
250 114.5 113.7 -0.9 -0.4 -1.1 -0.8 0.3
315 112.9 112.3 -0.7 -0.5 -0.7 -0.6 0.1
400 109.7 109.2 -0.5 -0.5 -0.6 -0.5 0.0
Spectrum H
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
100 112.2 111.3 -0.9 -0.7 -0.9 -0.9 0.1
125 115.8 115.1 -1.1 -0.4 -0.5 -0.6 0.3
160 120.3 119.8 -0.9 -0.5 -0.2 -0.5 0.3
200 123.4 122.9 -0.5 -0.4 -0.4 -0.4 0.0
250 125.7 125.4 -0.4 -0.2 -0.4 -0.3 0.1
315 127.0 126.7 -0.5 -0.3 -0.2 -0.3 0.1
400 128.6 128.4 -0.2 -0.1 -0.2 -0.1 0.0
500 129.7 129.5 -0.3 -0.2 -0.3 -0.3 0.1
630 131.1 130.6 -0.4 -0.4 -0.5 -0.4 0.0
800 131.1 128.3 -3.7 -2.8 -2.2 -2.9 0.6
1000 130.8 128.5 -3.2 -2.4 -1.4 -2.3 0.7
1250 128.6 128.7 0.1 0.1 0.0 0.1 0.0
1600 126.1 126.2 0.2 0.1 0.0 0.1 0.0
Notes: The average drops are calculated as the difference between the unloaded input and 
the loaded input Slight discrepancies in calculations are due to internal spreadsheet rounding.
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Table lV-4 Gloved hand input acceleration level drops for glove 12 using method 1
(a„f = 10 '  m / s ' )
Gloved Hand Input Acceleration Level Drops for Glove 12
Method 1
Spectrum M
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
16 84.4 77.4 -7.5 -6.2 -7.3 -7.0 0.6
20 92.9 84.4 -8.8 -7.5 -9.6 -8.5 0.9
25 99.2 90.5 -10.4 -8.7 -7.6 -8.8 1.2
31.5 107.3 100.7 -11.2 -8.0 -3.8 -6.7 3.0
40 110.5 105.6 -11.6 -5.4 -2.1 -4.9 4.0
50 111.4 107.7 -7.9 -3.6 -1.7 -3.7 2.6
63 112.9 109.4 -3.8 -3.9 -2.9 -3.5 0.5
80 114.2 111.8 -2.2 -2.4 -2.4 -2.4 0.1
100 115.4 113.3 -2.3 -1.8 -2.1 -2.1 0.2
125 115.9 113.9 -2.4 -1.6 -1.8 -1.9 0.4
160 116.2 114.2 -2.4 -1.7 -1.8 -2.0 0.3
200 115.6 114.2 -1.6 -1.2 -1.4 -1.4 0.1
250 114.5 113.3 -1.4 -1.0 -1.3 -1.2 0.2
315 112.9 112.1 -1.0 -0.6 -0.9 -0.9 0.2
400 109.7 J 109.0 -0.7 -0.5 -0.9 -0.7 0.2
Spectrum H
Frequency
Hz
Unloaded
Input
dB
Loaded
Input
dB
Subject 1 
Drops 
dB
Subject 2 
Drops 
dB
Subject 3 
Drops 
dB
Average
Drops
dB
Standard
Deviation
dB
100 112.2 110.7 -1.4 -1.3 -1.8 -1.5 0.2
125 115.8 114.4 -1.4 -1.3 -1.4 -1.4 0.0
160 120.3 119.2 -1.5 -1.2 -0.8 -1.2 0.3
200 123.4 122.0 -1.6 -1.6 -0.9 -1.4 0.3
250 125.7 124.7 -1.2 -1.0 -0.7 -1.0 0.2
315 127.0 126.3 -0.9 -0.5 -0.6 -0.7 0.2
400 128.6 128.1 -0.8 -0.3 -0.4 -0.5 0.2
500 129.7 129.1 -0.7 -0.5 -0.5 -0.6 0.1
630 131.1 130.5 -0.8 -0.5 -0.5 -0.6 0.1
800 131.1 126.7 -5.2 -4.2 -3.9 -4.4 0.6
1000 130.8 126.0 -5.5 -5.2 -3.8 -4.8 0.7
1250 128.6 128.6 0.0 -0.2 0.2 0.0 0.0
1600 126.1 126.2 0.0 0.2 0.1 0.1 0.0
Notes: The average drops are calculated as the difference between the unloaded input and 
tfie loaded input Slight discrepancies in calculations are due to internal spreadsheet rounding.
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Glove 1 : Method 1
1
■' Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 60  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-1 Vibration transmissibiiity for glove 1 using method 1
Table V-I Numerical vibration transmissibiiity values for glove 1 using method 1
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 0.77 0.82 0.69 0.76 0.06
20 0.84 0.80 0.78 0.81 0.02
25 0.88 0.83 0.75 0.82 0.05
31.5 0.94 0.76 0.83 0.84 0.08
40 1.01 0.79 0.97 0.92 0.09
50 0.69 0.80 0.92 0.80 0.09
63 0.61 0.79 0.84 0.74 0.10
80 0.64 0.71 0.77 0.71 0.05
100 0.68 0.69 0.81 0.73 0.06
125 0.74 0.70 0.93 0.79 0.10
160 0.80 0.73 0.94 0.82 0.09
200 0.79 0.77 0.85 0.80 0.03
250 0.83 0.81 0.88 0.84 0.03
315 0.93 0.78 0.77 0.83 0.07
400 0.80 0.64 0.61 0.68 0.08
500 0.54 0.44 0.48 0.49 0.04
630 0.37 0.33 0.36 0.35 0.02
800 0.24 0.24 0.24 0.24 0.00
1000 0.18 0.20 0.19 0.19 0.01
1250 0.13 0.14 0.09 0.12 0.02
1600 0.09 0.10 0.07 0.08 0.01
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Glove 1 : Method 2
1
' Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  80  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz) 
Figure V-2 Vibration transmissibiiity for glove 1 using method 2
Table V-2 Numerical vibration transmissibiiity values for glove I using method 2
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 0.81 0.77 0.82 0.80 0.02
20 0.80 0.75 0.96 0.83 0.09
25 0.83 0.77 1.01 0.87 0.10
31.5 0.85 0.79 0.95 0.86 0.06
40 0.91 0.86 0.90 0.89 0.02
50 0.68 0.81 0.81 0.76 0.06
63 0.64 0.83 0.67 0.71 0.08
80 0.66 0.79 0.70 0.72 0.05
100 0.69 0.73 0.75 0.72 0.03
125 0.74 0.73 0.77 0.75 0.02
160 0.78 0.69 0.75 0.74 0.04
200 0.79 0.76 0.80 0.78 0.02
250 0.84 0.79 0.86 0.83 0.03
315 0.94 0.75 0.85 0.85 0.08
400 0.78 0.62 0.73 0.71 0.07
500 0.51 0.48 0.54 0.51 0.02
630 0.35 0.35 0.37 0.36 0.01
800 0.20 0.22 0.20 0.21 0.01
1000 0.15 0.17 0.15 0.16 0.01
1250 0.10 0.11 0.09 0.10 0.01
1600 0.08 0.08 0.05 0.07 0.01
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Glove 1 : Method 3
' Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-3 Vibration transmissibiiity for glove 1 using method 3
Table V-3 Numerical vibration transmissibiiity values for glove 1 using method 3
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.07 0.88 0.91 0.95 0.08
20 1.12 0.85 1.03 1.00 0.11
25 1.21 0.86 0.97 1.01 0.14
31.5 1.27 0.82 0.83 0.97 0.21
40 1.02 0.73 0.81 0.85 0.12
50 0.68 0.64 0.74 0.69 0.04
63 0.58 0.61 0.73 0.64 0.06
80 0.62 0.57 0.66 0.61 0.04
100 0.68 0.60 0.75 0.68 0.06
125 0.68 0.66 0.88 0.74 0.10
160 0.68 0.72 0.88 0.76 0.09
200 0.70 0.75 0.91 0.79 0.09
250 0.78 0.74 1.01 0.84 0.12
315 0.74 0.73 0.96 0.81 0.11
400 0.62 0.64 0.82 0.70 0.09
500 0.48 0.52 0.60 0.53 0.05
630 0.35 0.39 0.39 0.38 0.02
800 0.22 0.24 0.22 0.23 0.01
1000 0.17 0.18 0.16 0.17 0.01
1250 0.10 0.11 0.08 0.10 0.01
1600 0.08 0.08 0.06 0.07 0.01
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Glove 2: Method 2
1
—  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 4
 Frequency vs Subject 50.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-4 Vibration transmissibiiity for glove 2 using method 2
Table V-4 Numerical vibration transmissibiiity values for glove 2 using method 2
Frequency
(Hz) Subject 1 Subject 4 Subject 5 Average
Standard
Deviation
16 0.97 1.03 1.03 1.01 0.03
20 1.00 1.09 1.11 1.06 0.05
25 1.04 1.15 1.15 1.11 0.05
31.5 1.09 1.14 1.15 1.13 0.03
40 1.03 0.96 1.00 1.00 0.03
50 0.74 0.76 0.87 0.79 0.06
63 0.64 0.64 0.82 0.70 0.09
80 0.64 0.66 0.66 0.65 0.01
100 0.67 0.73 0.66 0.69 0.03
125 0.72 0.80 0.72 0.75 0.03
160 0.76 0.81 0.71 0.76 0.04
200 0.78 0.89 0.78 0.82 0.05
250 0.86 0.95 0.83 0.88 0.05
315 0.92 0.95 0.80 0.89 0.07
400 0.77 0.78 0.74 0.76 0.02
500 0.58 0.58 0.63 0.60 0.02
630 0.45 0.46 0.50 0.47 0.02
800 0.27 0.32 0.30 0.29 0.02
1000 0.21 0.29 0.25 0.25 0.03
1250 0.13 0.21 0.16 0.16 0.03
1600 0.10 0.15 0.11 0.12 0.02
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Glove 3: Method 2
—  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 00  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz) 
Figure V-5 Vibration transmissibiiity for glove 3 using method 2
Table V-5 Numerical vibration transmissibiiity values for glove 3 using method 2
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 0.96 1.02 0.83 0.94 0.08
20 0.94 1.08 0.85 0.96 0.10
25 0.96 1.09 0.79 0.95 0.13
31.5 0.97 0.98 0.84 0.93 0.06
40 0.91 0.81 0.93 0.88 0.05
50 0.76 0.80 0.95 0.84 0.08
63 0.74 0.83 0.93 0.83 0.08
80 0.71 0.76 0.84 0.77 0.05
100 0.72 0.72 0.86 0.76 0.07
125 0.75 0.72 0.91 0.79 0.09
160 0.76 0.72 0.88 0.79 0.07
200 0.77 0.82 0.81 0.80 0.02
250 0.79 0.85 0.79 0.81 0.03
315 0.88 0.85 0.79 0.84 0.04
400 0.79 0.72 0.59 0.70 0.09
500 0.59 0.51 0.40 0.50 0.08
630 0.47 0.37 0.33 0.39 0.06
800 0.25 0.21 0.29 0.25 0.03
1000 0.17 0.16 0.28 0.21 0.05
1250 0.11 0.10 0.24 0.15 0.06
1600 0.10 0.09 0.19 0.13 0.05
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Glove 4: Method 4
1
—  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-6 Vibration transmissibility for glove 4 using method 4
Table V-6 Numerical vibration transmissibility values for glove 4 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.08 1.10 1.23 1.14 0.07
20 1.16 1.28 1.21 1.22 0.05
25 1.09 1.36 0.96 1.13 0.17
31.5 0.91 1.13 0.76 0.93 0.15
40 0.65 0.75 0.69 0.69 0.04
50 0.46 0.57 0.63 0.55 0.07
63 0.45 0.49 0.61 0.52 0.07
80 0.46 0.48 0.60 0.52 0.06
100 0.51 0.51 0.67 0.57 0.08
125 0.52 0.56 0.74 0.61 0.10
160 0.51 0.60 0.64 0.58 0.05
200 0.57 0.65 0.63 0.61 0.03
250 0.63 0.64 0.64 0.64 0.01
315 0.55 0.57 0.58 0.57 0.01
400 0.38 0.46 0.43 0.42 0.04
500 0.23 0.34 0.28 0.28 0.04
630 0.16 0.23 0.19 0.19 0.03
800 0.11 0.14 0.10 0.12 0.02
1000 0.08 0.12 0.07 0.09 0.02
1250 0.06 0.11 0.05 0.07 0.02
1600 0.06 0.10 0.05 0.07 0.02
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Glove 5: Method 4
0.1
■ Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 3
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-7 Vibration transmissibility for glove 5 using method 4
Table V-7 Numerical vibration transmissibility values for glove 5 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.08 1.24 1.33 1.22 0.10
20 1.19 1.15 1.21 1.19 0.03
25 1.13 1.03 0.87 1.01 0.11
31.5 0.96 0.78 0.69 0.81 0.11
40 0.69 0.65 0.69 0.68 0.02
50 0.47 0.58 0.75 0.60 0.11
63 0.42 0.52 0.78 0.57 0.15
80 0.44 0.50 0.73 0.55 0.13
100 0.49 0.52 0.78 0.60 0.13
125 0.56 0.55 0.74 0.62 0.09
160 0.62 0.58 0.57 0.59 0.02
200 0.64 0.63 0.50 0.59 0.07
250 0.68 0.57 0.55 0.60 0.06
315 0.62 0.49 0.60 0.57 0.06
400 0.49 0.39 0.45 0.44 0.04
500 0.38 0.27 0.30 0.32 0.05
630 0.27 0.18 0.20 0.22 0.04
800 0.15 0.11 0.12 0.13 0.02
1000 0.13 0.10 0.10 0.11 0.01
1250 0.08 0.11 0.12 0.10 0.01
1600 0.05 0.13 0.17 0.12 0.05
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
185
Glove 6: Method 4
-  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
16  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-8 Vibration transmissibility for glove 6 using method 4
Table V-8 Numerical vibration transmissibility values for glove 6 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.08 1.04 1.02 1.05 0.03
20 1.18 1.06 1.09 1.11 0.05
25 1.13 1.12 1.06 1.10 0.03
31.5 1.08 1.07 1.00 1.05 0.04
40 0.96 0.81 0.78 0.85 0.08
50 0.66 0.64 0.61 0.64 0.02
63 0.54 0.65 0.62 0.60 0.04
80 0.53 0.62 0.60 0.58 0.04
100 0.54 0.63 0.62 0.60 0.04
125 0.57 0.66 0.70 0.64 0.06
160 0.49 0.65 0.67 0.60 0.08
200 0.51 0.73 0.61 0.62 0.09
250 0.57 0.71 0.67 0.65 0.06
315 0.63 0.65 0.62 0.63 0.01
400 0.55 0.53 0.51 0.53 0.02
500 0.40 0.39 0.40 0.39 0.00
630 0.25 0.27 0.28 0.27 0.01
800 0.13 0.21 0.16 0.17 0.03
1000 0.10 0.18 0.11 0.13 0.04
1250 0.06 0.11 0.07 0.08 0.02
1600 0.04 0.07 0.04 0.05 0.01
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Glove 7: Method 4
■ ■ Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  6 0  1 00  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-9 Vibration transmissibility for glove 7 using method 4
Table V-9 Numerical vibration transmissibility values for glove 7 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.03 1.05 1.08 1.06 0.02
20 1.13 1.04 1.12 1.09 0.04
25 1.14 1.07 0.99 1.07 0.06
31.5 1.08 1.04 0.81 0.98 0.12
40 0.89 0.84 0.78 0.84 0.04
50 0.64 0.70 0.75 0.70 0.05
63 0.54 0.69 0.75 0.66 0.09
80 0.54 0.63 0.68 0.62 0.06
100 0.55 0.64 0.71 0.63 0.07
125 0.59 0.66 0.77 0.67 0.07
160 0.57 0.64 0.64 0.62 0.03
200 0.56 0.71 0.68 0.65 0.07
250 0.59 0.70 0.72 0.67 0.06
315 0.61 0.64 0.70 0.65 0.03
400 0.51 0.50 0.48 0.50 0.02
500 0.41 0.38 0.33 0.38 0.03
630 0.34 0.26 0.21 0.27 0.06
800 0.26 0.14 0.12 0.17 0.06
1000 0.25 0.10 0.08 0.14 0.07
1250 0.17 0.05 0.05 0.09 0.06
1600 0.18 0.03 0.03 0.08 0.07
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Glove 8: Method 4
>»
1
' Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-10 Vibration transmissibility for glove 8 using method 4
Table V-10 Numerical vibration transmissibility values for glove 8 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.10 0.96 0.94 1.00 0.07
20 1.04 0.96 0.93 0.98 0.05
25 0.99 0.94 0.90 0.94 0.04
31.5 0.94 0.92 0.92 0.93 0.01
40 0.87 0.92 0.94 0.91 0.03
50 0.81 0.91 0.93 0.88 0.05
63 0.86 0.94 0.88 0.89 0.04
80 0.91 0.92 0.86 0.90 0.03
100 0.92 0.93 0.91 0.92 0.01
125 0.93 0.94 0.94 0.94 0.00
160 0.95 0.95 0.96 0.96 0.00
200 0.97 0.96 0.96 0.97 0.00
250 0.98 0.98 0.97 0.98 0.00
315 0.98 0.99 0.98 0.98 0.00
400 0.99 1.01 0.99 1.00 0.01
500 0.99 1.03 1.00 1.01 0.02
630 1.00 1.06 1.03 1.03 0.03
800 0.99 1.11 1.03 1.04 0.05
1000 1.01 1.16 1.06 1.07 0.06
1250 1.14 1.23 1.17 1.18 0.04
1600 1.16 1.03 1.03 1.07 0.06
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Glove 9: Method 1
1
" Frequency vs Average
  Frequency vs Subject 1
Frequency vs Subject 2 
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-11 Vibration transmissibility for glove 9 using method 1
Table V-11 Numerical vibration transmissibility values for glove 9 using method
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 0.69 0.76 0.57 0.67 0.08
20 0.69 0.74 0.70 0.71 0.02
25 0.66 0.73 0.80 0.73 0.05
31.5 0.65 0.73 0.96 0.78 0.13
40 0.72 0.83 1.06 0.87 0.14
50 0.81 0.87 1.01 0.90 0.08
63 0.83 0.79 0.84 0.82 0.02
80 0.81 0.79 0.76 0.78 0.02
100 0.82 0.80 0.79 0.80 0.01
125 0.81 0.79 0.81 0.81 0.01
160 0.81 0.81 0.80 0.81 0.01
200 0.84 0.85 0.84 0.84 0.00
250 0.92 0.87 0.85 0.88 0.03
315 0.93 0.88 0.85 0.88 0.03
400 0.86 0.86 0.79 0.84 0.04
500 0.77 0.70 0.64 0.70 0.05
630 0.60 0.53 0.46 0.53 0.06
800 0.44 0.45 0.30 0.39 0.07
1000 0.39 0.41 0.25 0.35 0.07
1250 0.38 0.34 0.19 0.30 0.08
1600 0.36 0.24 0.16 0.25 0.08
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Glove 9: Method 2
— Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0 5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-12 Vibration transmissibility for glove 9 using method 2
Table V-12 Numerical vibration transmissibility values for glove 9 using method 2
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 0.61 0.68 0.79 0.69 0.07
20 0.61 0.66 0.91 0.73 0.13
25 0.61 0.67 1.01 0.76 0.18
31.5 0.60 0.76 0.98 0.78 0.15
40 0.69 0.94 0.92 0.85 0.11
50 0.82 0.96 0.87 0.88 0.06
63 0.87 0.81 0.77 0.81 0.04
80 0.83 0.78 0.72 0.78 0.05
100 0.83 0.81 0.76 0.80 0.03
125 0.79 0.81 0.82 0.81 0.01
160 0.78 0.84 0.82 0.81 0.03
200 0.79 0.89 0.86 0.85 0.04
250 0.86 0.89 0.89 0.88 0.01
315 0.88 0.89 0.90 0.89 0.01
400 0.84 0.87 0.83 0.85 0.02
500 0.71 0.65 0.66 0.67 0.03
630 0.52 0.45 0.47 0.48 0.03
800 0.36 0.38 0.30 0.35 0.03
1000 0.33 0.37 0.25 0.31 0.05
1250 0.37 0.36 0.18 0.31 0.09
1600 0.33 0.27 0.16 0.25 0.07
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Glove 9: Method 3
—  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 3
jQ
0.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-13 Vibration transmissibility for glove 9 using method 3
Table V-13 Numerical vibration transmissibility values for glove 9 using method 3
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.11 0.90 0.93 0.98 0.09
20 1.15 0.92 0.96 1.01 0.10
25 1.16 0.95 0.89 1.00 0.11
31.5 MO 0.95 0.79 0.95 0.13
40 0.84 0.91 0.79 0.85 0.05
50 0.69 0.85 0.81 0.78 0.07
63 0.69 0.76 0.78 0.74 0.04
80 0.75 0.75 0.75 0.75 0.00
100 0.77 0.76 0.79 0.78 0.01
125 0.78 0.77 0.82 0.79 0.02
160 0.78 0.79 0.84 0.80 0.03
200 0.85 0.81 0.82 0.83 0.02
250 0.88 0.88 0.80 0.86 0.04
315 0.81 0.89 0.89 0.86 0.04
400 0.76 0.78 0.82 0.79 0.02
500 0.61 0.58 0.61 0.60 0.01
630 0.47 0.48 0.42 0.46 0.02
800 0.41 0.38 0.28 0.36 0.06
1000 0.39 0.33 0.24 0.32 0.06
1250 0.33 0.25 0.18 0.25 0.06
1600 0.26 0.22 0.16 0.21 0.04
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Glove 9: Method 4
— — Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-14 Vibration transmissibility for glove 9 using method 4
Table V-14 Numerical vibration transmissibility values for glove 9 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.14 1.08 1.09 1.10 0.03
20 1.11 1.13 1.14 1.13 0.01
25 0.98 1.15 1.02 1.05 0.07
31.5 0.85 1.06 0.91 0.94 0.09
40 0.72 0.88 0.83 0.81 0.07
50 0.67 0.75 0.82 0.75 0.06
63 0.69 0.67 0.78 0.71 0.05
80 0.71 0.71 0.77 0.73 0.03
100 0.73 0.75 0.83 0.77 0.04
125 0.75 0.79 0.90 0.81 0.06
160 0.79 0.83 0.91 0.85 0.05
200 0.86 0.87 0.90 0.87 0.02
250 0.90 0.88 0.88 0.89 0.01
315 0.92 0.87 0.90 0.90 0.02
400 0.86 0.81 0.87 0.84 0.03
500 0.62 0.61 0.74 0.66 0.06
630 0.46 0.47 0.55 0.49 0.04
800 0.39 0.40 0.33 0.37 0.03
1000 0.37 0.37 0.27 0.34 0.05
1250 0.32 0.33 0.20 0.28 0.06
1600 0.20 0.20 0.20 0.20 0.00
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Glove 10: Method 4
—  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
16  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-15 Vibration transmissibility for glove 10 using method 4
Table V-15 Numerical vibration transmissibility values for glove 10 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.06 1.03 1.07 1.05 0.02
20 1.10 1.09 1.05 1.08 0.02
25 1.01 1.10 0.99 1.03 0.05
31.5 0.93 0.99 0.94 0.95 0.03
40 0.77 0.86 0.92 0.85 0.06
50 0.67 0.80 0.85 0.77 0.08
63 0.69 0.77 0.81 0.75 0.05
80 0.69 0.76 0.85 0.77 0.07
100 0.73 0.79 0.89 0.80 0.07
125 0.79 0.84 0.85 0.82 0.03
160 0.83 0.84 0.77 0.81 0.03
200 0.88 0.90 0.81 0.86 0.04
250 0.94 0.90 0.87 0.90 0.03
315 0.93 0.90 0.97 0.93 0.03
400 0.97 0.87 0.95 0.93 0.04
500 0.82 0.70 0.73 0.75 0.05
630 0.62 0.51 0.51 0.55 0.05
800 0.42 0.34 0.32 0.36 0.04
1000 0.33 0.30 0.29 0.31 0.02
1250 0.23 0.24 0.25 0.24 0.01
1600 0.12 0.18 0.19 0.16 0.03
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Glove 11 : Method 4
1
■ ' ■ Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-16 Vibration transmissibility for glove 11 using method 4
Table V-16 Numerical vibration transmissibility values for glove 11 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.06 1.09 1.16 1.11 0.04
20 1.16 1.14 1.17 1.16 0.01
25 1.04 1.21 1.13 1.13 0.07
31.5 0.93 1.08 0.96 0.99 0.06
40 0.76 0.82 0.79 0.79 0.02
50 0.67 0.71 0.73 0.70 0.03
63 0.62 0.64 0.66 0.64 0.02
80 0.63 0.66 0.68 0.65 0.02
100 0.65 0.70 0.74 0.70 0.04
125 0.71 0.73 0.84 0.76 0.06
160 0.79 0.79 0.92 0.83 0.06
200 0.80 0.82 0.88 0.83 0.03
250 0.80 0.81 0.88 0.83 0.03
315 0.85 0.78 0.91 0.85 0.05
400 0.80 0.70 0.87 0.79 0.07
500 0.60 0.59 0.66 0.62 0.03
630 0.47 0.46 0.46 0.46 0.00
800 0.32 0.32 0.31 0.32 0.01
1000 0.27 0.29 0.27 0.28 0.01
1250 0.21 0.23 0.22 0.22 0.01
1600 0.17 0.18 0.19 0.18 0.01
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Glove 12: Method 1
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CO
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COc
CD
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■ ■ Frequency vs Average
  Frequency vs Subject 1
Frequency vs Subject 2 
 Frequency vs Subject 3
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
F igure  V-17 Vibration transmissibility for glove 12 using method 1
T able V-17 Numerical vibration transmissibility values for glove 12 using method
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 0.70 0.66 0.53 0.63 0.08
20 0.69 0.64 0.63 0.65 0.02
25 0.69 0.67 0.80 0.72 0.06
31.5 0.73 0.79 1.08 0.87 0.15
40 0.90 0.97 1.23 1.03 0.14
50 1.00 0.98 1.12 1.03 0.06
63 0.97 0.98 1.01 0.99 0.02
80 0.93 0.87 0.95 0.92 0.03
100 0.92 0.90 0.96 0.92 0.03
125 0.89 0.91 0.97 0.92 0.03
160 0.89 0.92 0.92 0.91 0.01
200 0.90 0.93 0.92 0.92 0.02
250 0.92 0.92 0.95 0.93 0.02
315 0.96 0.95 0.99 0.97 0.02
400 1.00 0.99 1.04 1.01 0.02
500 1.04 1.02 1.09 1.05 0.03
630 1.08 1.08 1.11 1.09 0.01
800 1.15 1.13 0.92 1.07 0.11
1000 1.14 1.15 0.76 1.02 0.18
1250 0.85 1.01 0.50 0.79 0.22
1600 0.57 0.63 0.34 0.51 0.13
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Glove 12: Method 2
1
" Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz) 
F igu re  V-18 Vibration transmissibility for glove 12 using method 2
Table V-18 Numerical vibration transmissibility values for glove 12 using method 2
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 0.64 0.67 0.82 0.71 0.08
20 0.61 0.62 0.95 0.73 0.16
25 0.65 0.64 1.08 0.79 0.20
31.5 0.68 0.77 1.02 0.82 0.14
40 0.87 1.01 0.98 0.95 0.06
50 1.01 1.05 0.95 1.00 0.04
63 0.99 1.00 0.91 0.97 0.04
80 0.93 0.91 0.88 0.91 0.02
100 0.91 0.90 0.90 0.90 0.01
125 0.88 0.88 0.95 0.91 0.03
160 0.88 0.84 0.96 0.89 0.05
200 0.90 0.86 0.97 0.91 0.04
250 0.91 0.91 0.99 0.94 0.04
315 0.95 0.91 1.03 0.96 0.05
400 0.98 0.96 1.10 1.01 0.06
500 1.01 0.99 1.16 1.06 0.08
630 1.03 1.03 1.17 1.08 0.06
800 0.99 1.01 0.96 0.99 0.02
1000 0.88 0.89 0.81 0.86 0.04
1250 0.69 0.67 0.57 0.65 0.05
1600 0.43 0.41 0.35 0.40 0.03
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Glove 12: Method 3
-  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 30.1
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-19 Vibration transmissibility for glove 12 using method 3
Table V-19 Numerical vibration transmissibility values for glove 12 using method 3
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.06 0.91 0.85 0.94 0.09
20 1.07 0.91 0.92 0.96 0.07
25 1.10 0.95 0.97 1.01 0.07
31.5 1.15 1.03 0.98 1.05 0.07
40 0.97 1.00 0.97 0.98 0.01
50 0.78 0.94 0.95 0.89 0.08
63 0.80 0.92 0.92 0.88 0.05
80 0.84 0.86 0.88 0.86 0.02
100 0.88 0.91 0.92 0.90 0.02
125 0.89 0.92 0.95 0.92 0.02
160 0.91 0.92 0.94 0.92 0.01
200 0.92 0.94 0.97 0.94 0.02
250 0.97 0.96 1.00 0.98 0.02
315 0.97 0.98 1.04 0.99 0.03
400 1.00 1.03 1.08 1.03 0.03
500 1.05 1.09 1.16 1.10 0.05
630 1.12 1.14 1.18 1.15 0.03
800 1.15 1.14 0.98 1.09 0.08
1000 1.06 1.08 0.83 0.99 0.11
1250 0.72 0.77 0.53 0.67 0.10
1600 0.45 0.48 0.35 0.43 0.05
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Glove 12: Method 4
1
—  Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 3
J Q
0.1
16  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-20 Vibration transmissibility for glove 12 using method 4
Table V-20 Numerical vibration transmissibility values for glove 12 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.09 1.01 1.00 1.03 0.04
20 1.02 0.98 0.98 1.00 0.02
25 1.01 1.00 0.96 0.99 0.02
31.5 1.00 0.99 0.98 0.99 0.01
40 0.98 0.91 0.96 0.95 0.03
50 0.91 0.84 0.88 0.88 0.03
63 0.88 0.85 0.83 0.86 0.02
80 0.89 0.84 0.83 0.85 0.03
100 0.89 0.87 0.89 0.88 0.01
125 0.93 0.91 0.93 0.92 0.01
160 0.94 0.95 0.95 0.95 0.01
200 0.96 0.97 0.98 0.97 0.00
250 0.98 0.99 1.00 0.99 0.01
315 0.98 1.00 0.99 0.99 0.01
400 1.01 1.04 1.03 1.03 0.01
500 1.04 1.10 1.08 1.07 0.03
630 1.08 1.15 1.14 1.12 0.03
800 1.10 1.09 1.14 1.11 0.02
1000 1.08 0.92 1.09 1.03 0.08
1250 0.95 0.63 0.97 0.85 0.16
1600 0.63 0.35 0.62 0.53 0.13
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Glove 13: Method 4
1— I-- 1---1— I— I— 1— I— r
■ Frequency vs Average
  Frequency vs Subject 1
  Frequency vs Subject 2
 Frequency vs Subject 3
_L _L
1 6  2 0  2 5  3 1 .5  4 0  5 0  6 3  8 0  1 0 0  1 2 5  1 6 0  2 0 0  2 5 0  3 1 5  4 0 0  5 0 0  6 3 0  8 0 0  1 0 0 0 1 2 5 0  1 6 0 0
Third Octave Center Frequency (Hz)
Figure V-21 Vibration transmissibility for glove 13 using method 4
Table V-21 Numerical vibration transmissibility values for glove 13 using method 4
Frequency
(Hz) Subject 1 Subject 2 Subject 3 Average
Standard
Deviation
16 1.04 1.02 0.96 1.01 0.04
20 0.99 1.07 1.03 1.03 0.03
25 0.97 1.07 1.01 1.02 0.04
31.5 0.97 1.04 0.96 0.99 0.04
40 0.93 1.00 0.96 0.96 0.03
50 0.87 0.95 0.95 0.92 0.04
63 0.91 0.92 0.91 0.91 0.01
80 0.95 0.93 0.92 0.93 0.01
100 0.95 0.93 0.96 0.95 0.01
125 0.95 0.95 0.97 0.96 0.01
160 0.97 0.97 0.98 0.97 0.00
200 0.97 0.98 0.97 0.97 0.01
250 0.97 0.98 0.98 0.98 0.00
315 0.97 0.98 0.97 0.98 0.01
400 0.97 1.00 0.99 0.98 0.01
500 0.97 1.01 1.02 1.00 0.02
630 0.97 1.03 1.05 1.01 0.03
800 0.96 1.06 1.00 1.01 0.04
1000 0.95 1.09 0.97 1.00 0.06
1250 0.96 1.15 0.89 1.00 0.11
1600 0.94 1.14 0.78 0.96 0.15
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Octave and fractional-octave band filters are examples o f constant percent 
bandwidth filters. For a constant percent bandwidth filter, the ratio o f  the bandwidth to 
the center (tuned) frequency, ( f - f ,) /f , is constant.'- An octave is the interval between any 
two frequencies f, andf,, whose frequency ratio (f,/f,), is 2. Two frequencies f, and f, are 
separated by N octaves where N is defined by the following equation:
N = log.
If N is an integer then f, and f, are separated by N octaves. If N is a fraction then f, and f. 
are separated by N fractional-octaves. An example o f an octave is given by the following:
f  = 63 .0  Hz
f, = 31.5 Hz
N = log.
63.0
= 1 octave
,31.5;
The two frequencies, 31.5 Hz and 63.0 Hz are examples o f octave band center 
frequencies. For an octave band filter with a center frequency, f , o f 31.5 Hz, the lower 
and upper filter comer frequencies, f| and f , would be 22 Hz and 44 Hz, respectively. For 
an octave band filter with a center frequency, f , o f 63.0 Hz, the lower and upper filter 
com er frequecies, f ja n d f , would be 44 Hz and 88 Hz, respectively. Notice, for the two 
filters that the ratio o f the bandwidth to the center (mned) frequency, ( f - f ,) / f , is constant, 
hence they are constant percent bandwidth filters. Also notice that the upper comer 
frequency for 31.5 Hz is also the lower com er frequency for 63.0. Consecutive octave 
and fractional-octave band filters overlap to allow a given signal to be fully covered over 
any desired frequency bandwidth.
An example of a third octave is given by the following:
f. = 40.0 Hz 
f, = 31 .5  Hz
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N = l o g / = 1/3 octave
The reason why the third octave above is not exactly equal to 1/3 has to do with the fact 
that the frequencies have been rounded according to accepted practices. The two 
frequencies, 31.5 Hz and 40.0 Hz are examples o f  third octave band center frequencies. 
For a third octave band filter with a center frequency, f , o f 31.5 Hz, the lower and upper 
filter comer frequecies, f, and f , would be 28.2 Hz and 35.5 Hz, respectively. For a third 
octave band filter with a center frequency, f , o f 40 Hz, the lower and upper filter comer 
frequecies, fj and f , would be 35.5 Hz and 44.7 Hz, respectively. Again, notice for the 
two filters that the ratio o f  the bandwidth to the center (tuned) frequency, ( f - f ,) / f , is 
constant, hence they are constant percent bandwidth filters. Also notice that the upper 
com er frequency for 31.5 Hz is also the lower comer frequency for 40 Hz.
In each octave, there are three third octaves, twelve twelth octaves, twenty-four 
twenty-fourth octaves etc. Dividing the octave in the first example into third octaves 
gives the following:
31.5 - 63.0 Hz (octave)
31.5 - 40 - 50 - 63.0 Hz (three third octaves)
Table V I-1 lists the band limits and center frequencies for third octave frequency band 
filters from 6.3 Hz to 2000 Hz.
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Table VI-1 Band limits and center frequencies for third octave frequency bands
Third Octave Band
Lower Band Upper
Band Band Center Band
Limit - Hz Freq. Hz Limit - Hz
8 5.6 6.3 7.1
9 7.1 8 8.9
10 8.9 10 11.2
11 11.2 12.5 14.1
12 14.1 16 17.8
13 17.8 20 22.4
14 22.4 25 28.2
15 28.2 31.5 35.5
16 35.5 40 44.7
17 44.7 50 56.2
18 56.2 63 70.8
19 70.8 80 89.1
20 89.1 100 112
21 112 125 141
22 141 160 178
23 178 200 224
24 224 250 282
25 282 315 355
26 355 400 447
27 447 500 562
28 562 630 708
29 708 800 891
30 891 100 1122
31 1122 1250 1413
32 1413 1600 1778
33 1778 2000 2239
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